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My  dear   doctor: 

In  writing  this  paper,    the  undersigned  had   in 
mind  the   following:      One  must  first   know  what   the  disease    is 
Defore  attempting  to    determine   its   cause. Please  allow  me to 
Invite   your  attention  to   the  outline  which   is    intended  to 
illustrate   this  point. 

The   witer    is   a-zare   of   the   fact   that   more   stress 
has  been   laid  on  the    clinical  and  pathological  aspects   of   tie 
disease   than  what   otherwise  might   have   iieon  expected;   but 
m  giving  the   rirfit   and  honest    treatment   to   the   subject      ' 
matter,    and    in  order   to   understand  more   fully  what    the  disease 
m    question   is,    such   could  not  be   possibly  avoided.      And  as 
the  hope    in  the  determination  of   the   specific   etiology  of 
the  disease    seems  to  be    in  the   way   of  animal   experimentation, 
it    is   deemed  necessary   to   give   some   discussion  as   to   the   be-* 
havior   of   the  morbid  process    in   the   animal  as    well  as    in  -m.n. 

With  the   above   facts    in   consider^'tion,    please   alio./ 
me   to    submit   this    small  piesre  of  work  to   you.      Kindly  allow  me 
also    to    take   the  opportunity  to    express   to  you  personally  my 
hearty  appreciation  for   your  valuable  suggestions   and   help 
in  the   present   study. 

Yours   respectfully, 


REGIITO   G.    V  AT/1  A 
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ON  THE   FACTORS   OONGERiJETj  IN 
THE   ETIOLOGY  OF  RICKETS 


By  Rep:lno  G,  Padua.  M.  P..   Dr.  T.M. 


I«  Introduction. 

In  dealin?^  with  this  difficult  and  obscure  problem 
viz:  "The  Factors  Concerned  in  the  Etiology  of  Rickets,  "it 
is  not  the  intention  of  the  writer  to  add  a  very  important 
item  more  than  to  present  an  analytical  survey  of  M\ia.t   has 
been  v/ritten  on  the  subject  during  the  last  three  centuries. 
He  is,  certainly,  aware  that  future  evidences  may  overshadow 
his  personal  views,  but  he  also  hopes  that,  similarly,  experi- 
mental proofs  may  be  forthcoming  to  suiiport  his  contentions. 
The  unbiassed  would  admit  that,  up  tp  the  present,  no  definite 
statement  has,  as  yet,  been  made  vith  regard  to  the  exact  nature 
of  the  cause  of  the  disease  inlspite  of  the  numerous  scientific 
investigations  that  had  been  previously  attempted.   Of  course, 
the  valuable  experimental  works  have  undoubtedly  cleared  some  of 
our  doubts  and  advanced  our  knowledge;  but  tf  the  results  are  not 
to  be  carefully  correlated  with  the  facts  connected  with  the  dis- 
ease, the  triiomph  of  final  solution  can  hardly  be  declare<i 
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safe   until  our  mind  is  completely  reconciled  by  the  elimination 
of  the  gaps  connected  with  the  pathogenesis  of  the  disorder. 
It  is  hoped,  therefore,  that  the  present  paper  may  succeed  in 
shov/inp-  in  a  way  some  of  what  needs  to  be  cleaired  out  in  the 
process  of  exi^er Imental  investigation.   But  before  unriertaking 
this  di'ff-icult  tas>:,  it  seems  convenient  to  first  summarize  v/hat 
th  salient  points  are  which  may  be  collectively  taken  to  con- 
stitute Rickets,  in  man  and  in  lower  animals. 


II.      TOAT      IS     RIOKETS    ? 

A.      In  Man« 
I.      Definition   » 

The   older  writers   had  the   tendency   to   re-^ard  Bickets 
as   chiefly  a   disease  of   the  bones--th8ir   studies   of    its   etiol- 
ogy and   pathology  had  been  directed  entirely   in   this   particular 
line.      But  modern    investigations  have   shown   that   although  the 
main   lesions   are   found   in  the  bones   still  the  distinctive   features 
of   the  disease   are  not   entirely  confined   ia  them.      In  other 
words,    the  term  rickets   can  hardly  be  applied  to   the  deformities 
and  alterations   of   the  bones  without   taking   into   consideration 
the  chanR-e   in  other  tieaijes   that  are   also   found   in  association  with 
the  disease.     Again, the   older    investigators   had  pointed  out  that 
rickets   resulted  from  various  cuases.and  not   until  recently,    the 
food  deficiency  theory  has  been   given  sufficient   attention.   By 
these  uncertainties  which  will  be   dealt   with  l^'ter,    an   exact    defin- 
ition of    the  morbid  process   can  not,   therefore,   be   claimed. 
But^ ih  the  light   of  our  present    knowledge,   we  may  briefly  regard 

rickets   as   a   constitutional  disease,    of  usually    early   chil>lhood, 

defective 
manifested  clinically  by  the  result      of  nutrition  of  practically 

A 

all  the  structures  of  the  body  but  chiefly  of  the  bones  leading 
to  abnormal  development  of  the  growing  elements,  and, pathologic- 
ally, by  the  faulty  ossification  and  deformities  of  the  sctife 
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portions  of  the  osseous /skelrtton^i system,  accompanied  with  other 
anatomical  changes  of^soft  tissues  of  the  body.   In  other  words, 
there  are  to  be  found  not  only  delayed  dentition  or  fragile  tseth, 
symptoms  referable  to  wasted  and  weak  muscles,  relaxed  ligaments, 
catarrhal  condition  of  the  mucous  membranes,  abnormal  irrita- 
bility, anaemia,  and,  in  some  cases,  abnorma.l  structural  alterations 
in  the  Tiscera,  but  also  an  arrested  or  delayed  calcification  of 
the  grov;ing  portion  of  the  skeleton  leading  to  various  deformities 

particularly  of  the  chest  and  head, and  epiphysis  of  long  bones, 

accompanied  ,"oy   distortions, 

and  sometimes  fractures  of  the  shafts.   These  morbid  processes 

may  probably  be  the  result  mainly  of  dietetic  error,  besides 


adequate  foci  constituents  essential  for  physiological  growth 
and  metabolism. 

2.   History  of  the  Disease. 

1 
It  is  interesting  to  note  that  Barlow  and  his  co-worker 

rei.-arded  t?ie  disease  as  "probably  coeval  with  civilization",  that 
is,  the  former  seemed  to  have  increased  in  frequency  hand  in 
hand  with  the  progress  o"  the  latter. 

The  classical  description  of  Glisson  in  collaboration 
with  his  contemporaries  Bate  and  Regemorter,  in  his  famous  treat- 
ise,,  "Tract.  De  Rachitide  senkorbo  puerorum  qui  ''■^^■^s  Rickets  ' 
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dis/citiir"  pu.blished  in  London  in  lo50,  has  established  the  morbid 

process  as  a  distinct  clinical  entity  and  has  brought  it  to  the 

2 
attention  of  the  medical  profession.   That  the  disease  might 

have  been  exist in-^^  Uit  unrceoonized   lend  before  Glisson's  time, 

may  be  shown  by  certain  references  in  the  earlier  writings. 

3 
Findlay  days  that  Homer  had  described  in  the  Iliad, writ ten 

900  B.C.,  the  court  jester  as  "bandy-legged,  lane  of  one  foot, etc" 

vrith   other  signs  which  had  been  interpreted  as  typical  picture 

3 
of  rickets.   He  also  remarks  that  Saranus  Ephesius  who  lived 

between  98  and  138  A.D.  and  practised  as  a  physician  in  Rome, 

has  written  a  book  entitled,  "Diseases  of  Women"  where,  in  some 

chapters  (as  "How  should  the  child  be  trained  in  standing  and 

walking?"  and  "Why  the  majority  of  Roman  children  are  distorted,") 

3 
references  may  be  made  which  he  emphatically  r egards   as 

being  ^^c^i'^'icj  contrary  to  the  description  of  early  Greek  writers 

as  Zesas  on  the  history  of  th^^  malady  where  the  latter  cited 

passages  in  Hippocrates*  work  "Be  Articulis,"  which  might  be  taken 

to  mean  a  tubercular  disease  of  the  spine  rather  than  rickets. 

fhat  the  disease  has  been  existing  before  the  middle  of  the  17th 

4 
century,  is  similarly  shown  by  Moore^ssci  in  his  thesis  where  he 

calls  attention  to  the  paintings  and  descriptions  of  antiquity ,a«'=^ 

references  in  Theodosius*  writings  in  1540,  viz:  "The  complaint 

is  a  weakness  and  inability  to  move  so  that  this  child  of  17 
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months  old  can,  in  no  manner,  move  itself,  nor  stand,  and  when  it 

is  carried  in  tlis  nurse's  arms,  it  can  scarcely  hold  its  head 

uprif'ht.   Another  symptom,  the  most  cruel  of  all,  is  that  three 

of  the  TBrtebrae  of  the  true  ribs  bend  outv/ardly  to  form  a  kind 

of  humpback,  and  the  ribs  appear  to  be  arched  in  the  manner  of 

a  bov;." 

The  traditional  name.  Morbus  Anglius  (which  may  be  taken 

as  a  synonym  of  rickets)  or  English  Disease  probably  because 

of  its  prevalence  in  v/est  of  England  at  the  time  of  its  recog- 

5 

nition  as  a  definite  clinical  entity,  is  believed  by  Fagge  to  have 
originated  from  the  title  of  the  treatise  published  by  Whistler 
at  Leyden  in  1584,  "De  Morbtt  Puerili  Anglorum".   The  erroneous 
idea,  however,  that  the  latter  author  (Whistler^  was  the  dis- 
coverer of  the  disease  because  of  his  inaug-ural  dissertation  on 

rickets  in  1645  entitled,  "Poedosplanchnosteoceae"  was  strongly 

6 
denied  by  Moore  in  the  discussion  on  the  Pathology  of  Rickets 

held  on  Bovember  16,  "December  7  and  16,  188o,  where  he  says: 

"Glisson  is  known  to  have  been  at  work  on  rickets 
in  1645,  and  he  published  his  work  on  it  in  1650, 
a  book  which  ms.rks  the  daMm  of  medicine  after  the 
darkness  of  the  middle  ages." 

Glisson  was,  therefore,  the  first  to  give  an  accurate 

descriptidn  from  both  the  clinical  and  pathological  standpoint, 

identifying  the  disease  under  the  na  le  of  "rachitis".  The  first 

chapter  of  his  precious  book  dealt  with  the  name  and  origin  of 
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.4 
&S   the  malady  .  At  his  time,  the  disease  was  coimnonly  known  to  the 

laity  as  "the  rickets "which  is  believed  to  have  been  derived  from 

the  old  English  word  "wrikken"  meaning"to  wrest"  or "to  twist". 

GlisBon  proposed  the  word  Rachitis  for  Rickets,  partly  due  to 

the  similarity  of  the  sound  and  partly  as  a  derivative  from  the 

Greek  word  f^'''^      meaning  "spine",  on  the  grounr^  that  the  dorsal 

7 
spine  is  one  of  the  first  parts  attacked.   In  the  iSt   chapter 

of  his  bcok,  Glisson  regarded  the  disease  as  having  originated 

in  the  counties   of  Dorset  arid  Somerset,  whenceit  spread  to 

7 
Europe,  although  Gheadle  believes  that  the  disease  might  have 

existed  on  the  continent  "from  the  early  times  as  an  accompani- 
ment of  civilization."  By  a  further  study  of  Glissan's  treatises, 

so 
one  v/ould  be^impressed  of  its  accuracy  and  thoroughness  as  to  justi- 

3 
fy  Findlay's  assertion  that  the  book  is  a  "monument  to  English 

4 
Medicine  for  all  time."   Moore  who  me-de  such  an  analytical  sur- 
vey of  Glisson's  work  in  his  thesis  on  "The  Cause  and  Treatment 
of  Rickets",  points  out  that  the  second  chapter  deals  y/ith  the 
post  mortem  appearances,  the  chiefi  points  of  which  are  :  "large 
head,  v/asted  muscles ,  loose  skin,  enlargements  of  the  ends  of 
the  bones,  deficient  rigor  mortis , pigeon  breast, ribs  with  beads, 
and  distended  abdomen".   The  next  twelve  chapters,  particularly 
the  following  five  treat  of  the  cause,  affinities  and  other 
topics  essential  in  the  investigation  of the  disease. 
Chapters  XX,  XXI,   XXII,  and  XXIII  deal  with  the  varieties, 
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symptoms,    dia-nosis^ and  prognosis   of   the   malady.      The   symptoms 
are  accur^  e   and   too   long   to    enumerate  but   the    SRlient  points 


"The   skin  and  flesh  are  less   firm  than  natural, 
the  joints  weak,    the  body  bent,    the   child  learns 
to   walk  late   and   is   averse   tc   being  shaken.   There 
is  pigeon  breast,    the  abdomen   is   swollen;   very 
often  there    is   cough;    the   child  will   not    lie   on 
either    side   but   only  on   its   ba.ck;    the    pulse    is 
feeble;    a  moderate   ligature   tied  about    the  limbs 
causes   less   swelling  than   in  a  healthy   child; 
many  bones  bend,   most   often  the   tibia,    fibula 
and  radius--less   often  the   humerus  and   femur; 
the  lonfT  bones   sometim.es   do   not   grow;    the 
bones   of   the    forehead  stick  out.   The   teeth 
come    slowly  and   soon  rot;    the   head   is   big,    the 
face   full;    there    is    swelling  of   the  v/rist   and 
less  often  of   the  ankles." 

Under  prognosis,    Glisson  remarks   that    "the   disease    in 
3 
its   own  nature    is   not  fatal." 

The   publication   of   Glisson' s    incontestable   treatise 

in   1650  was   followed  by  numerous   scientific   articles   on  the 

subject  written  by  prominent    investigators  of   the    time,    among 

whom  Moore   considers   the  followir^;    seven  as    "faithful   guides   for 

practical  study",   viz:      the  wor^-s  of   Sydenham,    Boerhaave,   Guerin, 

Beylard,    Trousseau,    Jenner  and  Gee.      Among  other   Fellows   of  the 

Royal  College   of  Physicians  who   have  written  on  the    disease  were 

Scheafe,   Wright,   Padget,   Goddard  and  French. 

It    is   also   of  historical   interest   that   Glisson   con- 

2 
sl'^ered  the  disease   as    caused  by  many  factors    ,   but   la,ys    stress 

3 
on  l-eredity    .      Former    investigators   on  rickets    tkeld.  different 
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views  re-ardinF  its  etiology  and  pathogenesis;  but  they  may  be 
summarily  grouped  into  tv/o  main  classes:  (l).  Those  .^^ho  main- 
tain the  defects  of  hygienic  environment  such  as  will  be  dealt 
with  later  including  the  "Domestication  Theory"  of  von  Hannseraann 

and^the  respiratory  poison  theory"  of  Kassowitz  (quoted  by 

8 
Hess  and  Unger),  and  (2)  those  who  uphold  the  theory  of  dietic 

errors  incliiding  the  fat  deficiency  and  the  alimentary  intcxica- 

tion  theories.   But  since  the  time  of  Glisson,  no  definite  advance 

can  be  noticed  until  recently  when,  in  the  careful  study  of  this 

so-called  deficiency  theory,  the  experimental  speculations  on  the 

"vitamines"  were  beginning  to  disclose  little  by  little  what  v/e 

think  to  be  the  underlying  secret  regarding  the  mechanism  of 

how  the  disorder  may  be  brought  about. 

5.   Diagnosis. 

The   recognition  of   the   disease    in  man  can  only  be    safe- 
ly   and  properly  made  by  an  accurate  knov/led"-e   of    itsAhsract-.ristic 
behavior    in   the    individual.      To   the  pi-actitioner  ,   as  well   as   to 
the  experimenter,    a   careful   study  of    its    clinical  and  pathological 
aspects   '.Yould,    in  my  opinion,    be    indispensable;    and,    in  the  pres- 
ent paper,    it   does  not    seem  out   of  place   to   point   out   the    import- 
ant  points    connected  with  the  Symptoms  and  Pathology   of   the 
Disease. 
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a.  (1)   Goastitutional  Symptoms. 

1 
Barlow  and  Bury  h?ve  expressed  what  seems  to  toe  the 

rishtS^.  view: 


"There    is,    in  fact,    scarcely  any  chronic   disease 
which   shows  more   quantitative  variations   than 
Rickets,    goin,<  down   to   a  vanishing  point  which 
needs  the   greatest   care    in  order  to   establish   its 
existence,   and  having   in   its  mildest  form  a 
duration  perhaps   of  only  a  few  weeks." 

It    is    a  fact,    as    is   adjnitted   by   clinical  authorities,    that   the 
disease  may   exist  unnoticed   in   an   individual  and,    oftentimes, 
when    it    begins    to    be    rpnogni  ^.sd    by-tVia    pra  r.ti  t -i  fin:<a4^,    the   morbid 
process    is  usvially  moderately  advanced   in    its   course.      Such  early 
signs,   therefore,    even    in  the   absence   of   subjective    symptoms, 
na";iely,:    hyper-irritability   and   restlessness  of   the  child, 
nocturnal   sweats    in   the  head  and.  heck,    tendency  to    catarrh, and 
sliprht  beading   of  the  ribs,    should  serve   as   warnings   and  be    considered 
suspicious  until   other   condition     giving   similar   clinical  pic- 
ture   is  otherwise   established. 

The   disease  has   an    insidious   onset   and  a   chronic    course. 
But  usually   it  begins    to  manifest   itself   v;ithin   the   first   two 
years   of   life.      Mild  cases  may,   however,    be   overlooked, ^^^^^ 
wl'imi  rini!  i.Mii,urilir.ihi:iU  a   diuKfiouiu   uP   rifjkc?-U:TT^-(,}it?   fVihseaHtf  haa,i^:ta. 
anmRtimw    ,   Vjpinp;  rloinc   its  nfiiiril    ravamTLC..      Gastro-intestinal 
disturbances  may  or  may  nor   precede   the   appearance   of   the    charac- 
teristic  lesions.      However,    the   rickety  child  e:^hibits,as   a  rule. 
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1&  4 
an  extraordinary  liability  to  pulmonary  and  intestinal  catarrh. 

When   the  disorder  has  fully  established  itself,  the 

following  constitutional  symptoms  may  be  observed.   There  is 

restlessness,  ill  temper  and  inability  to  sieep;  oftentimes  the 

child  throws  off  the  bed  clothes  even  when  the   weather  is  cold, 

9 
and  cries   even  at  e  gentle  touch  or  slight  provocation.  Osier, 

3 
contrary  to  the  opinion  of  Findlay  ,  believes  that  there  is 

usually  a  slight  fever  accompanying  these  nervous  manifesta- 
tions.  The  existence  of  general  pallor  and  muscule^r  flabbiness 
is  not  invariable.  However,  excessive  perspiration  about  the  head 
and  neck,  especislly  when  the  child  is  asleep,  ia  a  more  or  less 
constant  finding.   When  the  child  has  learned  to  sit  up  or  walk, 
it  exhibits  a  disinclination  to  do  so;  in  fact,  the  general  weak- 
ness ms.y  be  such  the  t  it  cannot  even  support  its  hea.d  erect, 
a.  (2)   Physical  Signs  . 

The  Head. 

By  close  examination  of  a  rachitic  head,  one  would  be 
impressed  of  its  square  configuration,  hence  the  term  caput 
quadratum  has  been  given.   This  deformity  is  due  to  the  abnormal 
bulging  of  the  parietal  and  frontal  eminences  which  authors  speak 
of  as  "cranial  bos^^es*',  and  an  apparent  flattenln^^  of  the  region  of 
the  calvariujxi.   At  the  back  part  of  the  head  (occipital  region), 
there  is  usually  an  n1 igh^  area  where  the  hair  may  be  scarce  or 


15 


totally  lost.  This  is  due  to  constant  pressure  on  and  friction 
asainst  the  pillow  as  the  child  shifts  from  side  to  side  during 
the  state  of  restles-sness. 

The  head  is/larger  than  normal  but  th^  face  is  relatively 
S'Tia^ller  than  usual;  so  much  so .  that  it  has  been  mistaken  for 
chronic  hydrocephalus.   The  latt'^r  condition  occurs  quite  independ- 

entlv  of  rickets,  and  is  entirely  a  different  morbid  process. 

1 
The  enlargement  of  the  head  appeals  to  Barlow  and  Bury  to  be  main- 
ly explained  by  the  delayed  ossification  of  the  sutures,  and  by 
the  massive  thickening  of  the  cranial  bones.   By  palpation, there 
may  be  thickening  of  the  growing  ma.rgins  of  the  cranial  bones;  i. 
e.,  at  thewlge  of  sutures,  and  the  anterior  fontennelle  which 
normally  closes  at  about  the  age  of  from  1'^,   to  IB  months  may  re- 
main widely  patent  and  mav  persist  to  be  more  or  less  open   until 

7 
t7/c  or  three  years  of  life,  or  even  as  late  as  five  years. 

Vi/hile  there  are  imdue  prominences  of  the  frontal  and 

parietal  bones   due  to  hyperplastic  changes   of  the  cellular 

1 
elements,  there  may  be  felt  on  the  skull,  thinned  portions  or 

atrophic  afeas  which  give  to  the  touch  the  impression  of  parch- 
ment-like paper  as  they  yield  to  even  a  slight  pressure.   These 

tabetic  patches  are  usually  perceptible  in  the  parietal  and  oc- 

10 
cipital  regions.   ElsSsser^  who  first  described  the  condition 

lengthily  in  his  famous  pamphlet , regards  craniotabes  as  essen- 
tially of  the  nature  of  rickets.   Quite  a  number  of  prominent 

11 
writers  have  held  the  same  view,   Lee  and  Barlow   on  the  other 
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hand,  wh;o    investigated  the   subject  among  100   cases   of   rickets, 
have   observed  that    50^  of   the  children  v/ith  obvious   craniotabes, 
and  40^  of   those    in  whom  the    condition  was   less  prominent,   were 
syphilitic.      They  also    showed  that    craniotabes    is   not   simply  a 
condition  of  marasmus,    and   in  their   conclusion,    they   say: 

•♦ that    syphilis    is   by  far   the   largest   factor 

in  the   causation  of   craniotabes.    At  all 

events,    our   observation  shows   that   the  existence 
of  marked   craniotabes  must  be  regarded  as   afford- 
ing  stronj^   ground  for    suspecting  the   existence 
of   syphilitic   taint." 

12  iifp'ca/ 

kq^^vciy   Barlow      in  a   separate   communication,   presnted  a  diffj^oult. 

case  of   craniotabes  on  the   left  parietal  bone  without   the   slightest 

manifestation  of   or   history  referable   to  Rickets,   but  -.fith  some 

ground  that   it  was    syphilitic.      However   convincing   ivere   the  views 

13 
regarding  the  association  of   sjrphilis  and   craniotabes,    Parker 

and  others  maintain  ElsSsser's  opinion  and  cit^   cases  with   -veil 

marked  tabes  but   without  any  history  ,  or    signs   of   syphilis  what- 

3 
ever.      Moreover,    Findlay   states   that   he  has   seen    "undoubted 

craniotabes    in  non-syphilitic    infants"  and  that    in  Europe,    the 
opinion  of   the   rachitic   origin  of   craniotabes  was   so    strong 
that   a  change   of   the  condition  has   been  frequently  taken  as 
index  to    the  efficacy  of    the   anti-rachit ic   treatment.      There   can 
be  no   doubt      therefore,     that , although   cranlotabetic  patches  may 
be   found  in   syphilis,    it    is    equally  possible     that    similar   con- 
dition may   be   met   with     in  rickets..    Moreover,    there  are   no   evi- 


•17 


dences  to  disregard  the  possibility  of  /♦ickets  and  syphilis 

coexist  in -y-  in  the  same  individual. 

The  apparent  enlargement  of  the  head  over  the  normal 

size  has  led  some  to  believe  that  rachitic  children  are  endov/ed 

14 
with  mental  superiority.   Thus  Lucas    regards  the  rickety  §)^'1j-»  • 

as  a  ffift  beca.use  of  uts  capacity  for  greater  mental  development. 

13  4 

Parker   and  Moore  ,  on  the  other  hand,  frankly  express  that 

they  failed  to  find  the  mental  superiority  of  rickety  children 
over  others  and  cannot  f^dmit  it  as  an  invariable  condition  as- 
sociated with  the  disease.   On  the  contrary,  it  seems  to  be  the 

common  opinion  of  a  number  of  i^^iters  that  there  is  a  lack  of  men- 

15 
tal  alertness  in  rickets.   Sir  William  jenner   in  his  third  lec- 
ture on  Rickets,  says: 

"Children,  the  subject  of  extreme  rickets, 
are  almost  always  deficient  in  intellectual 
capacity  and  power." 

Likewise,  Palm  holds  that  mental  apathy  is  a  striking  feature 
of  the  rachitic  child.  Intellectual  development,  tierefore,  may 
show  wide  variations  and  it  is  difficult  to  ascertain  whether  or 
not  the  possible  deviation  from  the  normal  ra9.y  probably  be  brought 

about  by  some  such  anatomical  alterations  of  the  brain  suostance, 

17 
as  Jenner    seemed  to  have  pointed  out,  or  to  functional  derange- 
ment subsequent  to  the  lack  of  stimulating  influences  from 
without  or  to  the  state  of  nutrition  of  the  individual. 
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In  rickets,    dentition   is  usually  delayed  and    if   the 

teeth  have  already  come  out,  they  are  often  orittle  and  subject  to 

18 
decay.   May  Mellanby   made  an  exhaustive  investigation  on  the 

relation  of  defective  teeth  to  rickets,  whereby  the  t.vo  conditions 
majr  be  placed  on  an  experimental  basis.   She  showed  that  similar 
factor  or  reraedy  which  vvould  prevent  one  condition  would  almost 
alvvays  improve  the  other.   Likev/ise,  she  pointed  out  that  the 
incisors,  the  canines,  and  the  first  molars  which  are  in  the 
state  of  active  ossification  from  the  ninth  month  till  the  end   of 
the  second  year  of  life, are  the  ones  most  likely  to  undergo 
carious  changes  at  this  age.   The  majority  of  rachitic  individuals 
or  of  those  who  have  had  rickets,  show  defective  teoth.   The  re- 
lationship of  the  two  disorders  see.ns  to  be  so  important  that 

19 
Edward  Mellanby  remarle  d: 


'The  rachitic  child,  in  fact  carries  the  stigma  of 
the  disease  throughout  life  in  the  form  of 
defective  teeth." 


The  Chest. 

One   of   the  most    st -iking  features  of  the  disease   is 
th   deformity   of  the   chest   wall.      There    is  usually  a  flattening 
of    the  sides   of  tte    chest   with  a   corrdsponrling  projection   of 
the    sternum, thus    simulating  the    "pigeon  breast  ";or   the  flati'.ening 
may  amount   to    a   contracture    so   that  there  may  be    "nn--t.'rn1    de- 
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pression  an  both  sides  to  receive  the  name  "violin-shaped" 

20 
chest.  Stoel^ncr   describes  the  mechanism  of  the  thoracic 

deformity  in  rickets  as  follows: 


"The  defOTTTiity  of  the  thorax  in  rickets  is 
caused,  on  the  one  hand,  by  the  abnormal 
weakness  of  the  chest  wall  which  yields  in 
time  to  the  diaphragmatic  contractions  at 
each  inspiration  an^i  to  the  elastic  pull 
by  the  collapsing  lungs  at  each  expiration, 
and; on  the  other,  to  the  continual  press- 
ure exerted  by  the  overlapping  upper  arms. 
The  flattening  of  the  posterior  chest  wall 
is  the  result  of  the  continuous  dorsal 
decubitus.   The  bulgiup?  of  the  costal  margin 
is  caused  by  the  rachitic  enlargerpent  of  the 
liver". 

But  whatever  the  mechanism  be,  the  resultin'i-  deformity  does  not 

seem  to  be  an   invariable  findin;?  In  evprv  rachitic  child.  To 

5 
fie    question  raised  by  Fagge  :  "Is  it  certain  that  pigeon  breast 

is  ever  seen  in  a  child  whose  bones  are  absokutely  healthy?", 

6 
MoPEe   o:f'fers  an  answer  by  citing  a  case  of  a  severe  whoopingcough 

without    symptoms  of  rickets ,v/hich  subsequently  developed 

in  three  months'  time,  a  distinct  piseon  breast.   Similarly, 

17 
Tenner   states: 


"In  reference  to  the  pigeon  breast,  I  v/ould  say 

that  it  often  arises  from  other  diseases  than  rickets... 

The  two  varieties  are  very  easily  distinguished." 

it  may  be  safely  stated,  therefore ,  that  pigeon  breast , despite 
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the  posssibility  of  other  thoracic  conditions   giving  rise 

to  similar  deformities,  is  not  an  uncommon  findin^:^:  in  rachitic 

cases. 

The  thoracic  disfiguration  is  not  infrequently  accom- 
panied or  aided  in  its  formation  by  the  appearancepf   a  row  of 
knobs  or  nodules  at  the  junctions  of  the  ribs,  especially  the 
lower  ones,  with  their  correspinding  cartilages.   These''rachitic 
rosary"  or  "rosary  beads"  which  are  rega,rded  the  earliest  of  bone 

changes  and  may  be  one  of  the  earliest  clinical  manifestations 

5 
of  the   disease,  are,  in  the  opinion  of  Fagge  , contrary  of 

7         4 
that  of  Cheadle  and  Moore  ,  enlargement  of  the  costal  ends  of 

the  cartilages  rather  than  of  the  ribs  themselves.  The  beading  of 

th5  ribs  is  considered  so  important  in  the  eyes  of  the  clinical 

12 
men  that  Barlow   speaVs  of  the  following: 

"The  fifth  and  sixth  ribs  on  the  inner  surface 
are  test  ribs  for  ric?f.«'&^  ,and  if  a  child  seven 
months  old  has  any  rickets  at  all,  it  will 
manifest  itself  in  this  position." 

Ifhile  it  has  been  generally  admitted  by  the  pediatricians  that 

rickety  rosary   is  a  pathognomonic  sign  of  rickets,  Hess  and 

8 
Unger  ciaim  to  have  found  among  their  infantile  scurvy  cases 

similar  manifestations  and  emphat  ically  state  : 


"In  other  words,  there  is  not  only  rachitic  but 
also  scorl 
3 
and  then  they  say  : 


also  scorbutic  beading. 
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"It    was   pointed  out  by   Jac'kson   and  Moore 
and  has  be^n  noted  by  various   other    investl- 
ffators,    that  beadinti;  of   the   ribs   occurs   in 
the   course   of   experimental   scurvy  of   guinea 
pigs^  • -H* * . . .We  have   encountered  similar 
■    beading,    with  slight   hepiorrhages    in   the 
costo  —chondral   region      junctions,    in  the 
scurvy  of   dogs." 

The  beading  of   the   ribs  may   also   be   found    in  deficiency   diseases 

21 
other   than  rickets   and   scurvy.      Andvevfs      found  among  his    eight 

cases   of    infantile  beri-beri, three  ¥/ho    exhibited  distinct 
beading   of   ribs.      But    the    existence   of  beading    in  other    defic- 
iency  diseases,    doesiiot    invalidate  the   formation  or   occurrence 
of    similar,  elianfi'feg    in    rickets;    so   frequent   and   close    is    its 
association  v/ith  the  latter,    that   the   rosary  has   be  en   regarded 
of    considerable    dia^-nostic    importance    contributory   to    other 
'manifestations  referable   to   the  disease.     Morcot/^  uhsecns. 

mHier  ou^s7iff7;ii/t^  i^/ie^er-  or  not' >^'7i<^^oo^e.  ane^  r/e^efl  Aas nfif  U&n  toe.^tifi'f^» 

fnsorfie.  i»^n€6s^    a  row  of  rg.Ghiti;  rosary  beads  along  the  poster- 
ior axillary  line  >^slj  a/so  6<z-  oos^^ri^e^, 

Qn   the  inner  side  of  the  row  of  rosary  beads,  one 
may  perceive  a  distinct  depression  or  groove  oBliquely  placed 
on  the  chest  v/all.This  may  or  may  not  be  accompanied  by  a  mo  ^^-e  or 
less  exaggerated  curvature  of  the  cartilaginous  portion  of  the 
ribs.  Still  another  depression  m^ay  be  seen  from  the  xj'^phoid 
process  tfansversely  on  each  side  of  the  chest  at  about  the  level 
of  the  diap}iragm  to  the  posterior  axillary  line;  this  is  known 

among  the  clinicians  as  the  "Harrison's  groove  ",  also  of 

3  _ 
diagnostic  significa,nce ,  which,  in  the  opinion  of  Findlay,  1$, 
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brought  about  chieflj^  by  atmospheric  pressure. 

The  Abdomen. 

Due  to  the  laxity  of  the  abdominal  muscles  and  probably 
to  some  intra-abdoninal  pressure, the  abdom.en  may  be  seen  bulging. 
The  pressure  from  within  may  be  partly  due  to  the  probable  enlarge- 
ment of  certain  visceral  organs  as  the  liver  and  spleen,  or  to 

the  distension  of  the  bowels   due  to  the  loss  of  toniis  of  the 

22 
muscular  v/all,  or  both.   Smith   adds  another  factor  that  con- 
tributes to  the  protrusion  of  the  abdomen  and  that  is  the 
rachitic  curvat^ire  of  the  spinal  column.   The  liver  and  spleen 
may  become  palpable  to  a  lower  level  and  appear  to  be  larger 
than  normal.   The  pathological  significance  of  ths se  two  organs 
will  be  dealt  v/ith  later;  but  it  suffices  to  say  that  the  sign 
may  not  mean  actual  enlargement  but  simply  a  displacement,  of 
these  organs   subsequent  to  the  contraction  of  tte  chest  walls 
and  of  the  diaphragm. 

The  pelvis  may  be  seen  disfigured  as  a  result  of  the 
deformities  of  the  sacrum  and  ths  ossa  innominata.   The  mechani-sm 
of  the  deformity  will  be  described  later  but  for  the  present, 
it  is  noteworthy  to  consider  the  reduced  pelvic  ou.tlet  resulting 
therefrom  as  a  guide  in  advising  marriage  among  women  who  had 
been  attacked  P'l'eviou sly  with  the  disease. 
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Extremities: 

The  signs    in  the   extreraiti;^s    consist    o^    enlargemant 

/.Of  V?]e  l^ng  bones   and   curvatures   along  the  region  of   their   shafts. 

Moore   opines   that   the  bones   are   affected    in   chronological   ordef , 

viz:      Tibia,   bones   of  the  ehest,    the  arm  bones,   and  the  femar. 

We  have,    therefore,   an   enlargement   aboiit   the  ankle  and    .vrist 

joints   from  the   enlargement   of  the  endsof  the   tibia   of   one 

'  14 

and  of   the  radius   and  ulraa  of   the  other.      Lucas        says   that 

the    enlargement   of  the  .vrist    is  more   than  that   of^ankle    in  the 

cra.vling  child. The    enlargement    is    specifically   located  at   the 

region  occupied  by   the   junction  of  the   epyphysis   and   th-e    shaft   of 

these  bones.      Similar   thickening  or   enlargements   may  be    seen 

about  the  elbows,    knees  carpo-met?.carpal,   and   metacarpo-phalangeal 

1  14  ^ 

joints '.And  Lucas   found  the    "knock-knee   tubercle"   and    claims    it    to 

be   an    important   and  new  sign   of  the  disease. 

It    is   not  uncommon   to    find    in  ricketj""   individuals 

abnormal    curvatures,    not   only   of   the  ribs   but  also   of   the   long 

bones  of   the  limbs.      This   deformity  results  from  the  yielding 

of  the  weak        bone   to  muscular   effort  or  outside    influences 

as  walking  or  crawling-.      When  the  patient   stands  up  therems.y  be 

observed  bowing  of   the    lower   limbs;   genu  valgum  or   genu  varum  re-iufts 

depending  upon  whether  or   not   the  patient   has   been  walking  or   crawl 

1 
ing.      If   the  rickety   chil-^    is   carried   in  the   arm.    Barlow  thinks 

that   the   femoras  become  arched  foreward  with  a  marked  convexity 
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forev/ard  in  the  lower  3rd  of  the  tibia.   Thecse  abnormal  curva- 
tures and  the  delayed  growth  of  the  long  bones  cha.ract eristic  of 
the  disease  contribute  to  the  development  of  dwarfism  of  the 
rachitic  skeleton.   The.  state  of  development  of  the  bones  oft^e- 
chestjli^bs  and  face  of  the  rickety  child  is  not,  however,  in 
Conformity  with  but  rather  in  inverse  ratio  to  the  abnormal  en-- 
Igrgement  of  its  cranium  so  that  the  patient  is  misshapen  and  appar- 
ently out  of  proportion  altogether; 

It  is  not.  however  altogether  very  infrequent  to 
find  a  fat  rickety  child  instead  of  an  emaciated  one.   Thus 
Barlow  and  his  co-worker  believe  that  fat  rickets  is  more  cominon 
that  thin  rickets;  and  that  only  in  severe  or  .prolonged  cases 
when  emaciation  supervenes.   And  they  say: 

"Rickets  is  rarely  initiated  and  rarely 
very  active  during  a  period  when  se- 
vere v/astin^r  of  the  tissues  of  the  body 
from  any  cause  occurs." 
17 
Jainer   likev/ise  upholds  the/same  view  and  says: 

"Many  rickety  children  are  exceedingly  fat, 
and  I  do  not  regard  emaciation  as  due 
merely  to  rickets,  but  to  the  changes 
of  the  internal  organs,  especially  in 
the  lymphatic  glands.  Similar  changes 
in  these  glands  lead  to  emaciation  in 
older  children." 

The  question  of  whether  or  not  a  rickety  infant  is 

fat  or  e/aaciated  is  of  little  clinical  or  diagnostic  importance 

for  although  the  normal  contour  of  the  body  may  be  maintained  in 
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he  firs-Dor  mild  stages,  in  the  prolonged  or  severe  type  of  the  disease, 

cachexia  T^y  subsequently  follow. 

The  wea'-ness  of  the  limbs  due  to  flabbiness  of  the 

muscles  and  laxity  of  the  ligaments,  is  characteristic  of  the 

23 
disease.   Howard   considers  the  changes  in  the  muscles  and 

ligaments  as  essential  as  those  in  the  bones,  and  says: 

"The  inability  to  walk  is  not  because  of  the 
changes  in  the  bone,  which  are  palpably 
coincident,  but  because  of  the  muscular  weak- 
ness, which  shows  itself  in  other  v/ays-- 
e.g.,  the  bowed  spine  of  rickets  depends  upon 
the  v/eakness  of  the  spinal  muscles, which 
are  not  strAng  enough  to  keep  the  spine 

erefet The  knock  knee  and  the  flat 

foot  are  other  instances  of  muscular  weakness". 

Probably  as  a  result  of  the  lack  of  tontis  of  the  spinal  mijscle, 
the  unnatural  posture  of  the  child^and  the  deformity  of  each  indiv- 
idual vertebrae,  the  spinal  column  mp.y  be  seen  curved  abnormally, 
such  as  kyphosis   generally  in  the  dorsal  region^and  lordosis, 
usually  in  the  cervical  and  lumba,r  regions,  but  rarely  scoliosis 

*j^^if  so  exist,  Smith  believes  it  jh&b  due  to  the  nurse  carry- 
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ing  the  infant  in  one  arm.   Jacoby   ,  on  the  other  hand,  thinks 

that  scoliosis  and  ^t,-rablst?iifs  are  common  in  rachitic  children 

and  says: 

"Habitual  scoliosis  of  the  very  young,  up  to 

the  10th  year,  is  almost  exclusively  muscular , mostly  do^-s 

or  sometim.es  lumbar,  with  the  convexity  usually 

to  the  left." 


The  flabbiness  of  the  muscles  is  not  confined  alone  to 
the  skeletal  but  also  to  the  intestinal  muscle  tissue.   There 
may  be  expected  therefore  a  paresis  of  the  p-??stro-intestinal 
peristalsis.   Jacobi   who  in^'estipcated  the  question  of  muscle 
of  rs.cliitic  infants  expressed  the  opinio;!  that  the  resulting 
constipation  favors  the  absorption  of  harmful  or  toxic  products 
from  the  decomposed  feces  whereby  "more  symptoms  of  rachitis 
will  soon  develop".   He  differentiates  rachitic,  and  congenital 
constipations  and  believes  that  in  rickets  there  is  a  distinct 
chemical  alteration  of  the  muscles.   He  further  points  out  the 
importance  of  rachitic  constipation  in  the  early  diagnosis  of 
racliitis  so  much  that  after  excluding  all  other  possible  causes 
for  the  condition  and  in  the  presence  of  other  symptoms  refera- 
ble to  rickets,  the  anti-rachitic  treatment  may  be  justified. 
24 
While  Jacobi   considers  constipation  as  a  distinctive 
7 
feature,  Oheadle   and  others  speak  of  laxed  bowels  with  loose 

25 
and  offensive  stools.   Likewise  FerKlissCn  who  made  an  extensive 

statistical  study  relative  to  the  causation  of  rickets  found  that, 
araon^  her  Glasgow  cases,  32.6^  gave  a  history  of  diarrhoea.  She 

hoaJiZi'&rj' 

belie-re  s^that   the  dif-ference    is  too    s^all   to    justify   a   sound 
conclusion   and   sugrests"that   further    study   sho\ild  be   given   to 
the   relationship   of    intestinal  troubles   to   the   onset    of   the  dis- 
ease."    But  whatever  the  associations   be,    there    can  be  no   doubt 
that    in  a   well   established  rickety    case,    the   gastro-intestinal 
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tract  is  easily  prone  to  catarrh.   There  may  be,  then,  either 

3 
constipation  or  diarrhoea  although  Findlay  states  that  in  the 

majority  of  his  cases,  digestion  has  been  normal. 

(3)  Associated  Oonditions. 

The  proneness  of  the  hiucot^s  membrane  to  a  catarrhal 

inflEonmaticn  is  not  only  exhibited  by  the  gastro-intestinal 

tract.   Symptoms  of  bronchial  catarrh  in  the  form  of  bronchitis, 

broncho-pneumonia,  collapse  and  compensatory  cnphysema  and  other 

lung  affections  are  not  uncommon.   The  tendency,  to  pulmonary 

disorders  may  be  the  result  of  mechanical  pressure  of  the  de- 

3  7 

formed  cliest  or  to  the  ineff  ic  iency  of  respiratory  mechanism. 

It  is  not  uncommon  to  find  associated  with  the  disease 
nervous  manifestations.   Hyper-excitability  of  the  patient, 
restlessness  and  in&oility  to  sleep  show  an  implication  of  its 
general  nervous  mechanism.   There  mg,y  be  laryngismus  stridulus, 
and  various  other  £ 
general  convulsion. 

The  above  are  the  symptoms  and  signs  which  must  be 
borne  in  mind  in  the  diagnosis  of  the  disease  in  man.   They  present 
a  distinct  clinical  picture  different  from  those  of  scurvy  or 
osteomalacia,  which  may  be  confounded  with  it. The  so-called  acute 
rickets  alluded  to  by  prominent  investigators  has  been< 
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26 
found  to  be  infantile  scurvy.   In  this  connection  Holt  and 

his  co-wcrker  seem  to  have  expressed  the  most  desirable  viav  wnen 

they  say  : 

"Although  from  time  to  time  cases  have  been 
reported  with  this  title,  from  a  study  of  the 
histories,  it  is  clear  that  the  grest   majority, 
if  not  all  of  them,  vxere  cases  of  infantile 
scurvy.   It  is  doubtful  whether,  strictly 
speaking,  there  is  such  a  thing  as  acute 
rickets. " 

It  is  needless  here  to  give  the  differential  characteristics 

of  scurvy  and  osteomalacia  as  these  diseases  may  be  found 

described  in  text  books  of  Pediatrics  or  of  Internal  Medicine. 

Furthermore,  a  thorough  knowledge  of  the  above  symptoms  would 

enable  one  to  separate  rickets  from  any  other  allied  morbid 

coddition. 

(4)      Blood     Examination. 

One   thin-   ,   hov/ever,    tfe*tt   needs   to   be    cleared  up  befpre 

going   into   the  subject   of  Pathology  of  Rickets,    is^ the  blood 

picture  associated  with  the   disease.      There    is  much  discussion 

27 
as   to  whether  or   not   anaemia   exists    in   rickets.      Jacobi      in  his 

work  on   the''Blood  and  Circulation   in  Rickets",    says: 

"In  rickets,   anaemia,    or  rather   hydraenia, 
is   common." 
27 
He     points   out   that   the    red   cells  may   go    dovm  within   three   weeks 

from  2.11   million   to    even   as   low  as   750,000   per    cubic   millimetres, 

and   in  these   cases   30^  to   60^  hemaglobin;    while  the   leucocytic 


count  r^y  increase  to  25  or  even  26  thcuGand.   The  increase, 

27 
according  to  him   •'is  csused  by  polyneuclears  and  neutro- 
philic cells,  and  doesnot  depend  on  complications,  for  instance, 

>  26 

with  intestinal  disorders".   Likev;ise  Holt   maintains  the  view 

tlTat  there  is  anaemia  in  rickets  and  explains  how  it  is  partly 

brou.rht  about: 

"The  normal  red  marrow  may  cease   a  onarter  of  half 

an  inch  from  the  epiphysis,  its  place  bein??  taken  by  a 

light  grey  or  whitish  layer  that  microscopically  is 

seen  to  be  fibrous  tissue.   The  replacement  of  sd  much 

marrow  is  perhaps  the  r  eason  for  some  of  the  anaemia 

that  is  prom.inent  in  severe  rickets." 
7 
Cheadle  asserts  that  anaemia  is,  as  a  rule,  proportionate  to 

the  other  changes  characteristic  of  the  disease .Similarly, 

28 
Goodhart  affirms  that  the  blood  changes  are  net  invariable; 

and  says : 

"In   some   there  was    simple   deficiency  of   corpuscles, 
in  others,    deficiencv  of  colorin,-  matter." 
28 
But,    according  to   him      ,   the  most   remarkable    change   is   the  variety 

of   sizes   of   the   red  blood  corpuscles  v/ith  certain   quantity  of  free 

29 
granules    ii     the   circulating  plasma.      On  the   other   hand,    Findlay, 

as   a  result   of   his   observajrions   among  rachitic   and  non-rachitic 

patients   attending  the  outdoor   department    of   the  Glasgo;v  Hospital 

for    Sick   ':!hildren,    asserts   emphatically   that   there    is    no   anaemia 

connected  with  the    disease.      His    exhaustive    studies   on   the   Blood 
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in  Rickets  led  him  to  the  f ollo-ying  conclusions: 

"1.   In  active  and  uncomplicated  rickets,  anaemia 
is  not  the  rule  but  is  to  be  regarded  as  exceptional 
and  when  it  occurs,  due  to  adventitious  causes. 

2.  On  the  contrary,  in  rachitic  children  the 
a^iiount  of  hemaglcoin  ajid  the  number  of  red  cells 
in  the  series  examined  are  notably  in  excess  of 
the  no  rraal  average . 

3.  The  red  blood  corpuscles,  as  a  rile,  vary 

more  in  size  than   in  normal  individuals  of  similar 
ages,  but  iikx  otherwise  there  is  no  abnormality. 

4.  Hucleate''1  red  cells,  polychromatophilia,  and 
myelocytes  are  of  the  rarest  occurrence. 

5.  m  rickety  subjects  there  is  little  character- 
istic change  as  far  as  the  leucocytes  are  con- 
cerned.  They  maybe  normal,  slightly  increased,  or 
even  di-mini^shed  in  number.   The  mononuclears  more 
frequently  than  the  polymorphs  show  an  absolute  in- 
crease in  number  per  cubic  millimeter." 

These  conclusions  would  have  been  more  convincing  if  the  blood  pic- 
ture of  the  rachitic  patients  had  been  watched  and  checked  by  subse 
quent  blood  e^taminations  of  the  sarieindividuals  during  convales- 
cence or  after  the  attack,  as  it  is,  the  question  is  open:  "Did 
the  blood  findings  return  to  the  normal?   So  tnat,  as  a  whole, 
in  view  of  the  foregoing  conflicting  ideas,  a  definite  state- 
ment as  tov/hsteie.r  or  not  anaemia  is  an  invciluable  finding  in 
rickets,  can  hardly  be  ,-g2.yen   safe    until  justified  by  the 
results  of  subsequent  re- investigation  of  the  subject. 
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b«   Morbid  Anatomy. 

Having  thus  far  established  the  clini'-ial  picture  of 
the  disease  in  man,  the  question  arises:  ?niat  are  the  corres- 
pondin;-  anatomical  changes?  As  may  be  deduced  from  the  preceding 
descriptions,  the  symptoms  of  rickets  are  not  only  those  refera- 
ble to  tl'B  derangements  of  the  osseous  system  but  also  those  of 
the  soft  tissues.   Therefore,  the  patholigical  ch£.nges  are  ex- 
pected to  be  found  in  both  tissues,  although  those  of  the  bones 
may  be  the  most  important. 

(l).   Leaions  of  the  Bones. 

Perhaps,  the  most  characteristic  and  mere  or  less 

constant  lesionafeo  far  determined  in  ricicets  are  those  of  the 

bones.   The  flat  bones  of  the  sloill  as  well  as  the  long  bones 

ofthe  chest  and  of  the  extremities  are  equally  af  ffe  cted. 

(1)  (a)  Gross  Anatomy. 

By  careful  study  of  the  osseous  changes  in  rickets, 

one  may  note  that  the  bones  of  the  skull  and  of  the  e::tremities 

17 
present  comparable  or  identical  lesions,   which  may  be  sum-narized 

as  those  due  to  faulty  ossification,  delayed  growth,  and  suose- 

quent  defox-mities .   The  thickening  of  the  margins  of  the  cranial 

bones,  devoid  of  osseous  material,  and  the  existence  of  e::cesoive 

a^icunt  of  unossified  tissue  at  the  region  bet/veen  the  epiphysis 

and  the  diaphysis  of  the  long  bones,  show  that  the  ossification 
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of  the  growing-  portions  are  at  fault.   This  type  of  lesion  see-'is 
to  be  worse,  the  more  rapidly  growint?  the  individual  is. 
The  nor-nal  osseous  expansion  of  the  calvariiun  on  one  hand  and  the 
proper  elon'-ation  of  the  lon-^  bones  on  the  other  are,  consequently, 
prevented.   This  explains  the  wide  sutures  and  the  enlarged 
fontanelles,  and  the  tendency  to  dv/arfism  in  rickets.   The  deformit- 
ies of  the  long  bones  will  be  ddalt  with  later,  but  for  the 
present,  let  us  briefly  point  out  what  those  of  the  skull  are. 

The  cranial  oones  seem  to  exhibit  t^ro  types  of 
lesions,  namely:  those  referable  to  proliferation,  and  those 

to  atrop]>y.   As  has  'oeen   remarked  above,  the  head  of  the  rachitic 

larger 
child  is  proportionately  .than  that  of  the  nortnal.   VThether   or 

not  there  is  an  intracranial  pr«:,ssure  tendin*?  to  dilate  the 
sutures  and  enlar<?e  the  size   of  the  head,  is  still  a  question 
to  be  solved.   Ho'./ever,  there  can  be  no  doubt  that  the  apparent 
enlargement  is  due  partly  to  the  presence  of  the  cranial  oosses. 
These  abnormal  prominences  in  the  frontal  and'  parietal  and  some- 
times in  the  occipital  bones,  have  oeen   regarded  by  Barlov;  and 

1  7 

Bury  and  Gheadle   as  the  result  of  a  hyperplastic  change  (hyper- 

ostosis)developed  chiefly  from  the  outer  table  of  the  skull, 

anri  "consist  of  red  ,  very  vascular  sponge  id  ma.terial,  which  can 

be  indented  with  the  finger  or  easily  cut  with  the  knife."  The 

other  type  of  lesion  (the  atrophic)  is  the  formation  of  thinned 

10 
spots  scattered  in   the  parietal  and  occipital  bones.   ElsSsser 
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first  described  the  lesion,  but  it  is  a  matter  of  dispute  whether 
o-r  not  craniotabes  is  invariable  in  an  urt<»o.flplicated  rickety 
skull.   But,  whatever  the  view  held,  these  tabetic  patches 
may  be  most  likely  due  to  imperfect  grov/th  or  delayed  ossifica- 
tion of  the  cranial  tissue  rather  than  to  the  pressure  of  the 
brain  or  of  the  pillow. 

The  bones  of  the  face  also  suffer  the  consequ,mces  of 
defective  ossification.   It  has  been  remarked  upon  that  the 
face  appears  to  be  relatively  smaller  in  comparison  to  the  en- 
largement of  tie  head,   as  the  bone  changes  in  rickets  are  general- 
ized in  the  whole  skeletal  system,  it  is  not  unlikely  that  the 
facial  bones  may  exhibit  marked  deformdties  similar  to  those 

of  the  extremities.   The  teeth,  as  has  "oeen   remarked,  are  not 

18 
infrequently  attacked.   As  has  "oe  en  sho.vn  by  Mellanby,  many  of 

the  rickety  cases  exhibit  carious  teeth.   In  other  words,  the 
rickety  tooth  lacks  the  support  of  its  integral  well-being  and 
is  prone  to  rot.   It  is  devoid  of  its  enamel  coating  and  becomes 
so  brittle  that  it  mgy  break  even  with  slight  effort. 

The  abnormal  curvatures  of  the  vertebral  column  have 
been  described  under  Symptoms.   The  gross  changes  in  the  indiv- 
idual vertebra-.,  are  similar  to  those  of  the  other  rickety  bones 

and  consist  of  faulty  ossification  and  subseq-aent  deform.ity. 

6  to 

Moore   calls  the  attention  a-ne  anormly  in  the  vertebral  body 


34 


which  he  found  in  a  lar;;'-e  nuraoor  of  cases  and  that  is,  the 

ieapfn^T  of  bone  at  the  edges  of  the  vertebral  centra".  In  this 

4 
conrEction,  he  says: 

"The  vertebrae  project  internally  above  and 
below  each  inter-vertebral  substance.  This 
I  have  not  found  noticed  in  any  author, 
but  have  observed  in  every  post  mortem 
examina.tion  I  made." 

The  pelvis  also  suffers  cettain  deformity.   There  ms.y 
be  diminution  of  the  antero-posterior  diameter  of  the  pelvic 
brim  subsequent  to  pressure  of  the  abdo ninal  organs  tending  to 
widen  the  border  on  one  hand  and  to  the  pressure  of  the  spinal 
column  sustaining  the  body  weight  thus  pressing  for.vard  the  pro- 
montory of  the  sacrum  on  the  other.   These  factors,  in  conjunction 
with  the  upward  pressure  offered  by  the  hea-^s  of  the  thigh  bones 
in  supporting  the  body  erect,  tend  to  diminish  the  pelvic  outlet. 
The  resulting  deformity  is  of  considerable  importance  from  an 
obsetrical  standpoint. 

The  most  significant  lesion  is  perhaps  that  of  the  long 

those  of 
bones.   This  refers  to  the  ribs  as  well  as  to^the  extremities. 

The  enlarge-^nent  of  the  costoichondril  junctions  have  been  referred 

to  under  Syuqotoms.  But  inasiuich  as  it  seems  doubtful  whether 

or  not  rickets  alone  produces  the  characteristic  beading  invariably, 

it  is  equally  questionable  whether  or  not  the  individual  bead  or 

5 
nodule  arises  from  the  cartilage  alone  or  from  the  grcJing  end  of 
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the  rib  bone  alone,    or    from  both    .      At   any  rate,    the   rachitic 

rosary  seetns    to    oe   larger   in  the  costo-chcndral   junction  of    the 
lov/er  ribs   aid   more  proainent   on  the    inner   than  on   the   outer 
aspect   of    the  bone.      The  beads    seen,  to    correspond   //ith  the  en- 
largements  of   the    area  between    the  epiphysis   and  the    diaphysis 
of  the   long  bones   of    the   extremities  which  will  be   desctibed 
siiortly. 

The   long  bones   show  exaggeration  of   thei-   normal  curvature 
This   condition  has   'oeen  referred  to  as   caused  by  the    single  or  com- 
bined action  of  muscular   contracture,    atmospheric   pressure (ribs) , 
txnnatirral  position  of   the   patient,   weight   of   the  body  or   of   the 
limbs   the-'iselves  on  the   already  wea'Kiened, deficiently  ossified, 

so 

flexible,    rachitic  bone.      The  bones   seem  to    oe^destitute   of  their 
resistance-capacity   subseqLient   to   probably  faulty   calcification, 
that    they  become   frequently  or   easily  broken.   Green-stick  fractures, 
therefore^ are   not    infrequently  found,    and   the   bones   generally  af- 
fected are   tire    radius,   ulna    ,    ribs,   humerus,    femur, fibula  and 
clavicle. 

Bone  formation    is    carried  on  by  the  activities   of   the 

22 
inner   germinating  cells    of   the   periosteum.      Smith      seemed  to    have 

expressed  the  most  favorable   statement   resardin;'   the   role  played 

by   the  periosteum   in  healthfes   contrasted  with  its    out  or   function 

ijj  rickets.    He   says    : 
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"The   growth  of  bone   in   thickness   occurs   from 
the  under    surface   of   the  periosteum.      In  health, 
a   soft,    vasculcir,    germinal   tissue   springs   from 
the  periosteal  surface   and  rapidly  roeceives 
lime    salts,    and    is   transformed   into   bone.    This 
ger:7i.inal  tissue,    consisting  largely  of    capil- 
laries  arising  from  the  fibrous   tissue   of   the 
periosteum,    is   a  -oe  ry  thin   substratum,    barely 
visible,    transient,    and   consta^ntly   changing 

from   its    conversion   into  bone In  rickets, 

this   vascular   sub-periost ei   tissue,    not  under- 
going,   or  undergoing  slowly  or    imperfectly, 
the  osseous  transformation,    and,    at   the   same 
time,    increasing  more  rapidly   thai    in  health 
under   the    irritating  influence   of   the   rachitic 
disease,   becomes  a  thick  layer,      its    color  and 
aorpearance  are   like    spleen  pulp,    so    that    the  older 
observers   supposed  that  thcEe  v/as    a  hemorrhagic   extrav- 
asation betv/een   the  periosteujn  and  the   bone.      There 
i§   hov/e^'er,    no    extravasation   of  blood,   unless    it 
accidentally  occurs  from  the   numerous   delicate 
capillaries.      ,phe   resemblance   to    extraVasated 
blood  or   splesen  pulp   is   due   to   the  abundant   growth 
of   large   and  thin-v/alled   capillaries   from  the  under- 
surfacelbf   the  pericsteiim,   as   shovm  by  the  microscope. 
This   vascular  crutgrov/th   is,    for   thelmost    part,    quite 
uniform  over   the  diaphysis   of   the    long  bones    ; while 
upon  the  cranial  bonesjits   thickness   is  much  greater 
in  one   locality  than  another.      The   attempt   at   oaei- 
fication  also   appears    in  this   tissue.      Lime    salts 
are   scantily   or  loosely  deposited  through   it   forming 
osteophytes — vascular  and  fragile — rather   than    true 
bones." 

So    that  the  p-riosteum  is  rather   thickened  and  morejvascular    in 

rickets   than  normally,    partly   due   to   the  thickened  outer   layer  and 

partly   to    the  proliferating,    vascular ,hyper-plpstic,    inner   layer. 

This   pctholcgical    change   of   the   periosteum  seem.s    to   be 

responsible   for   the  f'^ulty    ^    slow      ,    imperfect,    or   even  arrested 

ossification  of  the   layer   deposited  on  the  bone.      As  a  result, 

one  nay  note   a   som^'what    thickened   but  porous    condition  of   the 
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outer  portion  of  the  shaft,  although  the  inner  layers  may  appear 

compHct. 

3 
The  X-ray  exi  aination,    according   to   Findlay,    not    in- 
frequently  reveals   a    "homogeneous   shado.v  devoid   of   all   details. 
At   times,      hoTsrever ,    the    trabecular   network   is    quite  apparent 
but    it    is   coarser,    less   refmlar,and  more  unevenly   distributed   than 
normal."     Pn  section     of    the    long  bone,    one  may  note   a  more  rapid 
absorption  of   the  medulla.ry   layer  and  a  more  vascular   ai'pearance   of 
the  medulla.ry  canal   than   normally.      These  vascular  changes   or 
apparently  hyperaemic    conditions   of  'the   periosteum  and   of   the 

medullary    canal   su;7;-e=st   some    inflammatory  -process.      In  this    con- 

7 
nection,    Cheadle   asserts: 

"This   hyperplasia    is   generally  reparded  as    the   result 
of  an   inflammatory  process    ,   a  view  which   is    supported 
by   the   fact    that    with  th<-    subsidence   of   the   active 
,        rachitic    stage,    more   or    les:3    induration   of   th     bone-- 

sclero sis- -follows. " 
29. 
Smith     upholds   the    latter  view  and  that   in   the    stage   of    re-con- 
struction v/liioh  corresponds    clinically  v/ith  the   convalescent 

period     of     the  disease,   there   is   produced  a  thicker   and  a   firmer 

22 
bone   similar    in  process    to    the   callous   fornation.He   designated 

the    condition  as    "osteo-sclerosis"  or    "eburnaticn"    ,    rather   than 

true   ossification.      The  new-formed  bone  at   this    stage,    according 

22 
to   him    ,    is  more   compact,    stronger, and   h^jrder,    although  micro- 
scopically the   elements   of  dktoe  true  bone  may  be   exhibited. 
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(l)(b)  Chemical  Pathology 

The  porous-like  condition,  flexibility,  or  orittleness 

of   the  bones    is   due  to   tiieir   insufficient   content   of   calcium. 
Whether   or   not   this    deficiency  of   calciiun  results   from  an  ab- 
sorption  of  Its. 'ninera'l  content   from  th     already-formed  bone, 
or   from,  the   lack  of  calcium   in   the  food,    or  from  tire     disturbed 
function  of    the  periosteal    layer     or   of    the  osteogenic    cells 
so    -chat   the  calcium  even   sufficiait    in  amount    is   not  properly 

utilized  tof/ri?ia    true   bone   layer,    is    still   a   controversial 

6 
question.      But,    in    spite  of  Moore's   contention  that   the  calcitim 

s-lts    in  racliitic   and  non^^rachitic  bones  present   slight   differ- 
ence   in   oua,ntity,    there    can  be   no    doubt   that    in   the  rachitic 

bone,    the   proportion   of   tiae   calcium  to    the  organic    content    is 

22  26 

much   less   than  that    in  the  normal.      Smith     and  He  It     both  agree 

that  ,    while   ncri;ially   the  bone   contains    about   one-third  orge.nic 

and   two-third   inorganic , in   rickets   the  proportions   are   reversed 

26  9 

and  that    "the    chief   loss    is    in   the   calcium"  Similarly,    Osier 

asserts    : 

"The  chemical  analysis  of  rickety  bones  show  a 
marked  diminution  in  the  calca.reous  salts, 
which  msy  be  as  lov/  as  25  or  35  per  cent." 
20 
Moreover,  Stoelzner  ,  while  discussing  the  pathological  che-aistry 

of  rickets,  says  that  the  water  content  of  the  rachitic  bones 

is  higher  thai  norrial.and  considers   as  the  most  important , the 

decrBase in  the  mineral  contents,  especially  the  calcium  and  phos- 
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phoric  acid. 

(1)  (c) The "Growing-Zone. " 

As   has  been   re^^arked  aboi.'e,    the   region  between   the 
epiphysis  and  the  diaphysis    is   enleirged  coj^respondin^  v/ith  the 
beading  at   the   junction   of   the  rib   and  the  cartilage.   This   change 
constitutes   perhaps   the  most   characteristic   feature   of   the    dis- 
ease.     It    is  more  marte  dly   noted   in   the   ve^.ions   of    the   gnklR  and 
of    tire   vifrist,    where   there,  is  rnore   strain,    in  the  same   manner   as 
the    la.rgest    beads   may  be   observed   in   the    lovver   ribs  which  move 
more   freely   during  respiration;    indeed, the  lesion   see:s    to   be   v/orse 
in  the  more  actively  growin*?;  parts   of   the   skeleton    ,   where   the 
enlargement  becom.es   responsible   for   the   delay  or   even  arrest   in 
the    normal   growth  or   elongation   of   the   bones.      This    is   possibly 
due   to   the    influence   o^    certain   factor   or  factors   on  the    cells 
concerned   in  the  ^irocess   of   ossification  rendering:   them  pathological 
in   their    function,    so   that   the  calcium  is   not  properly  absorbed, 
utilized,    an^^    converted,    in   the  growing  or   proliferating  zone    into 
norrial  bone.      The    latter  view  may  be,   hov/ever,   a   subject   for   sub- 
sequent  speculation. 

Normally,    the   growing'  zone    is   represented  as   a   straight, 
narrow,    glistening, bluish- v/hite   line,    sharply   dividing  the 

epiphysis   from  the   diaphysis.      In  rickets,    it    is  'vider   and  thicken- 

oce.»ssig>nallj  "--'^ 

ed,  Piomr.timr.o  five  times  the  normal  size   .   It  then  appears  as  a 
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bluish  cartilagenons  area,  scmejiat  softer  than  no-''inal  cartilage. 
On  one  side,  this  cartilagencus  zone  blends  v/ith  the  epiphysis 
and  on  the  other,  it  sends  tongue-like  processes  into  the  diaphysis. 
It  contains  scattered  and  irregular  portions  of  uncalcified 
cartilages  and  bones  surrounded  by  vasculsr  spaces  a.nd  connective 
tissues.   Likewise,  the  epiphysis  appears  to  be  more  vascular 
than  norme.l  and  contains  apparently  enlar.':'ed  but  softer  centers 
of  ossification.   This  abnormal  vascularity  of  the  metaphysis 
and  epiphysis  again  sug;«  sts  that  the  process  is  inf  IrmToatory 
in  character,  similar  to  the  finding  in  the  periosteum  and  medul- 
lary canaJof  the  diaphyssis. 

There  is  then  a  subsequent  enlargement  of  the  growing 
end  of  the  cone  partly  due  to  vascular  proliferation  in  the  enlarg- 
ed growin.--  zone  and  epiphysis.   But  whether  or  not  this  enlargement 
is  largely  due  to  hyperplasia  of  the  ceL  lul&r  tissue  at  the  grow- 
ing portion  or  to  the  deficient  absorption  of  the  cartilage  is 
still  a  debatable  point.   The  v/idened  transitional  or  prolifer- 
ating zone  termed  as  «»  the  metaphysis  consists  histolcgically , 
besides  cartilage  cells,  of  blood  vessels,  of  fibrous  tissue, 
and  of  large  amount  of   unossified  bony  trabeculae.   The  latter 
is  known  as  the"osteoid  tissue",  and  its  presence  in  excess  in 
the  gro'A-ing  portion  of  the  bone  is  the  most  important  diagnostic 
feature  of  the  disease.   Tre  osteoid  tissues  are  not  equally  dis- 
tributed; some  acre  large,  others  ma.y  appear  small.  Normally, 
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the   osteoid   tissue,    the  developmentlof  which  has   been    rerrded  as 
t>B    first    st-^ge    in  bone-formation,    rapidly  aosorbs   calcium  and 
besecies  bone;    so   that   under   the  microscope,    it    is   represented  as  a 
very  narrow,    hardly  perceptible    layer,    or    it  may  entirely   disap- 
pear. 

It    is    interesting  to    contrast   the  processpf   ossification 
in  the   grov'Tins  end   of    the  rachitic   and  non-rachitic   bone.    In  the 
normal  bone,    one   observes  under   the   microscope   reg-Jilarly   a,rranged 
parallel   rows   of    cairtilage    cells    in   the   di^^ection  of   the   lon^;  axis 
of   the  bone,      as   these   enlars^-e    ,    they  ultimately  be.come  confluent 
at   certain  portions   to    form  the  primary  marrov/   spaces.    The    cartil- 
age  cells   then  undergo    degeneration  or  become    absorbed   in   the   bone 
marrow.      The   blood  vessels   from  the  perichondrium  shoot   off 
branches   accompanied  by  osteoblasts   and   comective   tissue,    which 
traverse   the   spaces    at    different    levels    out    enter   the   bone   perpend- 
icularly  to    the    long-  axis.      These   arterial   capillaries,   which 
vary    in  number  according  to   the  rate   of   growth,    ramify    in   the  primary 
marrov;  spaces   but    do   not  anastomose.      The   cartilaginous  matrix 
or  osteoid   tissue  becomes    subsequently  calcified    ,    and  so   rapid   is 
the    ossification   process,    that   normally    it  may  be   absent   or  appear 
only   as   a  marro//  rim  under   the  micruscoue.      In  rickets,    the  prolif- 
erating cartilage   cells   do   not   apparently   become   absorbed  rapidly, 
although  the  attempt   of  bone   formation  therein    is   apparently 
activated.      As  a  result,    one   finds   scattered  groups   of    cartilage 
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cells  anri  irregiil-ar  islands  of  unossified  bony  trabeculae. 
The  normal  epiphyseal  line  is  broken  by  the  indentations  or 
tonrnie-like  ^^ro ject ions  of  the  bony  trabeculae.   Connective  tissue 
is  subsequently  produced  tn  this  enlarged  cartilagenous  region. 
So  that,  as  a  uvhole,  one  finds  in  the  metaphysis  an  abundance  of 
osteoid  tissue  and  lar.-^-e  blood  vessels  with  intervening  connective 
tissue,  all  taVini^  the  place  of  the  former  cartilagenous  matrix, 
which  contain  or  enclose  scattered  groups  of  still  unabsorbed 
cartilagenous  cells, 

(2)  Soft  Tissues. 

Thus  far,  we  have  considered  th«  bone  changes  which 
constitute  the  chief  and  characteristic  lesions  in  rickets. They 
are  more  constant  and  distinctive  than  those  of  the  soflt  tissues, 
although  th?  latter  may  become  invariably  implicated  or  take 
an  active  part  in  the  disease-process. 

(2)  (a)   Muscles. 

WThethEr   or   not   there    is  a   definite   pathological   lesion 

in  the  muscles,    is    still  not    settled.      However,   one  may  suppose 

that,    as   a   result   of    deficient   nutrition  of   thetisaue   and   subse- 

quai  t   disuse    ,    there   may,    later  on,   be   a  thinninp-  of   the   muscles. 

20  26 

This   view    is   not   against    that   upheld  by  Stole^ner        anr)  Holt 

that   there,  is    a  definite    atrophy  of   the  mi;scular    elements. 

27 
Jacobi      assuT'es   of   a  certain   chemical  change    in   the  muscle   fibre. 
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4 
On  theother  haid,  Moore  says  that  the  rachitic  muscle  reacts 

'  3 

normally  to  faradization  .   Likewise  Findlay  claims  that  the 

electrical  tests  of  nrascles  and  nerves  of  rachitic  individuals 
present  normal  readings.   But,  as  a  vvhole  ,consideriag  the  lasrk 
of  correlation  betwejn  the  severity  of  locornotor  symptoms  and 
the  extent  of  the  osseous  lesions,  further  studies  on  the  his- 
tology and  chemistry  of  the  muscles  and  ligaments  should  be  made. 

(2)  (_d)_  Visceral  organs. 

How,  just  a  word  on  the  so-called  "visceral  rickets". 
We  know   that,  subsequent  to  the  contraction  of  the  chest,  the 
lungs  may  be  rendered  more  vulnerable  to  infection  aid  complica- 
tion.  There  may,  therefore,  be  lesions  of  bronchitis,  broncho- 
pneumonia, collapse  of  the  lungs,  and  compensatory  emphyseiria  ,etG. 
It  is  also  probable  that,  dv.e  to  the  resistance  of  the  pulmonary 
circulation  resulting  from  the  diminution  of  the  respiratory 
field,  a  dilated  right  heart  may  not  be  an  exceptional  post- 
morte;a  finding. 

Again,  the  contraction  of  the  chest  and  probably  of 
the  diaphragm,  tends  to  push  the  abdominal  organs  down;  so  that 
at  autopsy,  one  may  find  the  visceral  organs  displaced  do vmyard. 
But, whether  or  not  there  is  a  definite  lesion  in  the  liver  and 
spleen,  is  still  a  matter  of  dispute.   It  is  possible,  as  has 
been  pointed  out  under  Symptoms,  that  the  normal  liver  rriay  ,due 
to  downv/ard  displacement,  ap^^ar  clinically  enlarged.   This  view 
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is  not  against  the  assertion  of  Fagge\hat  lae  has  failed  to  find  any 

lesion  in  the  spleen,  liver,  and  lymphatic  glands  wh.reas  he  found  ^^ 

large, fleshy  spleen  in  children  free  from  rickets.  Moreover,  Turner 

exhibited  a  case  of  an  18-year  old  child  who  died  of  an  epileptiform 

attack  with  well-marked  osseous  lesion  at  the  post-mortem  talkie  but 

without  visceral  changes,   on  the  other  hand,  Dickinson  Biaintains  that 

the  enlargement  of  the  viscera  as  spleen,  liver,  and  even  the  lymphatic 

glands  is  an  essential  part  cf  the  disease  as  the  changes  in  th-^  bone. 

He^^tates  that  the  lesion  consists  in  the  p-^olif eration  of  the  inter- 

stitial  and  epithelial  elements.   He  further  says  that  the  earthy 

salt  contents  cf  the  affected  viscera  are  ma.rkedly  diminished, contrary 

20 
to  the  finc^ing  of  Stolezner  who  maintains  that  the  soft  tissues 

of  rachitic  children  contain  no  less  calcium  than  normally. 

Goodhprt^ thinks  that  there  are  no  sufficient  evidences  to 
warrant  a  statement  that  the  liver  is  or  is  not  diseased  in  rickets; 
still  he  supports  the  view  that  the  spleen  undergoes  certain  enlarge- 
ment in  the  form  of  interstitial  fibrosis.   Jenner  seer.s  to  admit 
that  there  is  an  enlargement  of  the  spleen  and  liver  in  rickets  out 
ttE  lesion,  according  to  him,  is  not  due  to  hypertrophy  of  the  cells 
and  fibrous  structures,  since  such  condition  exists  in  other  diseases 
distinct  from  those  of  rachitic  enlargement,   ^.nd  .jacobi  points  out 
that  the  tu-mefaction  of  the  spleen  may  be  often  observed  in  rickets 

due  to  engorgement  of  the  vessels  resulting  partly  from  the  slackening 

26 
of  the  circulation.   Holt   ,  on  the  other  hand,  opines  that  there  are 
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no  constaht  chnnses    in  these  glands  and  that  the  latter  inay  or 

may  not  be  enlarged  in  rickets.   Tltis  latter  view  may  be  more 

safe  if  v;e  bear  in  mind  that  the  enlargement  in  rickets  may  not 

have  any  connection  with  the  disease  at  all.   It  cannot  be  held 

improbable  that  rickets  may  s©4  superimpose  upon  syphilis  in 

the  same  individual.   In  such  esses,  is  the  enle-rffement  of  the 

7 
spleen  and  liver  due  to  rickets  or  to  syphilis  ?   Cheadle  thinks 

that  "the  enlargement  of  the  lymphatic  glands,  liver  and 
spleen,  met  with  in  some  cases(of  rickets)  may  prove  to  be  rather 
a  syphilitic  than  a  rachitic  origin".  However,  if  we  do  admit 
that  syphilitic  splenomegally  is  more  common,  and  that  syphilis 
may  exist  in  rachitic  children,  st-iXI  tjiere  rema  ins  an  impossibility 
to  disprove  the  existence  of  an  enlar^rement  of  the  organ  dve   to 
ric'i'-ets  alone.  And  a.gain,  although  lesions  may  exist  in  these 
organs  in  rickets  without  appreciable  enlargement  and  have  es- 
caped the  notice  of  the  clinicians,  still  it  is  equally  possible 
that  other  diseases  may  have  existed  before  or  have  superimposed 
upon  the  rickety  co{Jdition,  which  may  have  been  mainly  responsi- 
ble for  the  enlargement;  and,  it  is  not  also  unlikely  that  rickets 
produces  a  definite  change  in  these  glands  modified  by  other 
■undetermLne.it  conditions  connected  with  the  morbid  process. 
Do  all  the  pathological  specimens  of  an  uncomplicated  rachitic 
spleen  and  liver  shov/  the  same  morphological  picture  ?  And, 
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is  this  pictu^-e  not  present  in  comvliceted  rickets  or  other 

diseases  where  rickets  is  absent  ?  as  the  question  stands,  a 

more  elucidating^  work  on  the  patholop;y  of  hepatic  enla.rgement 

and  splenociegally  in  rickets  is  needed  before  one  is  warranted 

in  attempting  to  make  a  conclusive  statement. 

The  gastro-intestinal  disturba,nces  in  rickets  point 

to  some  possible  anatomical  alteration.   That  there  may  be  an 

atrophy  of  the   iiuscular  wall,  would  not  contradict  Jacobi's 

24 
view   that  the  atony  of  the  intestinal  wall  is  responsible  ^or 

th  paresis  and  distension  of  the  gastro-intestinal  canal. 
Is  the  c^caslonal  diarrhoea  met  with  in  rickets  due  largely  to 
metabolic  faults  ?   Are  there  no  other  demonstrable  lesions  of 
thg?  gastro-intestinal  wall  outside  of  possible  atrophy  of  the 
imiscuiar  layer? 

The  changes  of  the  brain  and  spinal  cord  have  not  ,as 
far  as  I  am  aware,  been  substantially  described.   The  various 
occasional  nervous  symptoms,  as  above  described,  suggest  possible 
lesions  in  the  nervous  system.   The  no^^mal  findings  of  electrical 
tests  on  the  nerves  can  hardly  be  taken  as  conclusive  to  inval- 
idate whatever  possible  anatomical  changes  may  there  be  to 
account  for  the  irritability,  restlessness,  laryngisimis  stridulus, 
convulsions,  tetany,  etc.   Are  they  purely  reflex  m  nature  or 
muscular  in  origin?   If  they  be  central,  where  Is  site  of  lesion? 
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Are  they  produced  by  some  transient  irritating  influence  acting 

on  the  nervous  mechanism  of  the  individual  ?  Or,  are  there 

lesions  in  the  bs-jin  or  spinal  cordthat  are  still  undernonstrable 

17 
by  our  present  pathological  technique?   Jenner  points  out, as 

the  cause  of  the  enlargement  of  the  head,  the  development  of 

an  abundant  albivnenoid  substance  in  the  white  rnatter  of  the 

anterior  lobes  of  the  cerebral  hemispheres.   Is  this  all  thst 

can  be  de-oonstrated? 

As  far  as  I  am  aware,  nothing  is  said  re/^arding  the 

pathological  changes  in  the  organs  of  internal  secretion.lt  is 

pg^.to  OCCl 
A 

some  of  the  experimental  animals  subjected  to  deficiency  dietary: 
and  it  is  not  improbable  that  some  similar  changes  may  occur 
in  rickets  but  not  as  yet  determined.   Is  it  only  a  disturbance 
of  function  in  these  ^jlands  without  structural  change  that 
acco\j.nts  partly  for  their  abnormal  role  in  contributing  to  the 
derangement  of  metabolism  ?   It  seems,  therefore,  not  a  vain 
effort   for  anyone  to  make  a  more  careful  search  and  special 
study  of  the  possible  anatomical  alterations  of  especially  the 
adrenals  and  the  thymus  in  rachitic  cases. 
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II.   What  is  Rickets  ? 


B,  In  Lower  Animals 


1«   Occurrence. 

The  concensus  of  opinion  of  most  investigators  is, 
that  the  disease  "Rickets"  exists  equally  in  lov/er  anii'nals. 
To  say  the  least,  sinilar  signs  and  morbid  processes  may  be 
found  in  animals  subjected  to  the  same  condition  or  conditions 
which  we  suppose  to  be  responsible  for  the  causation  of  the 
disease  in  man.   For   the  lack  of  a  better  term,  the  so-called 
"A.nimal  or  Experimental  Rickets  "has  oeen   ^^iven  to  such  a  disease- 
syndrome  in  horses, sheep  ,  dogs,  cats,  rats , lions , bears, 
monkeys,  etc. 

1»  a.  Etiology. 

It  has  bean  claimed  that  the  disease  in  lower  anij.ials 
rarely  occurs  spontaneously  in  natir  e  unless  th^^  are  kept 
under  abnormal  conditions.   The  morbid  process  has  oeen   found 
to  reso-lt"   from  t7;o  maiii  causes!   (l)  effect  of  doraesticatiojj, 
and  (2)  errors  in  diet. 

The  experience  in  Zoological  Gardens  regarding?  the 
inability  of  rearing  young  animals  exemplifies  not  only  the 
effects  of  diet  but  also  of  confinement.   By  takiig  away  the 
animals  from  their  natu.ral  abode  and  putting-  them  in  cages, 
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their  freedom  to    enjoy  the  effects   of   exercise,    air  and   sunlight    , 

etc.,    is   curtailed.      It    is   obvious   that   the  physical  enjoyment 

of   natural   environmental    renditions,    contributes   to    the  ms.in- 

tenance   of  well-being    in  all  forms  of   life.      It    isfpossible^ 

therefore,    that    by  alterinj3;  these   conditions,    the  physiological 

balance  of   the    individual  ms.y  be  distu-rbed.      The    imoortance  of 

32 

confine-^ent  as  a  cause  of  animal  rickets  is  sho\'/n  by  Findlay 

where  he  demonstrates  that  deficiency  Cf  fat  o:^  of  any  other 

dietary  factor  may  produce  marasmus  in  lower  animals  and  not 

rickets;  but  by  depriving  the  animal  from  exercise,  even  .vith 

liberal  diet  of  milk  and  por-^^idge,  it  becomes  markedly  rachitic. 

33 
Likewise,  Crisp  ,  in  discussing-  rickets  in  animals,  expresses 

the  view  that  the  confinement  and  therefore  the  inability  of 

the  anima^ls  to  get  their  natural  food,  gives  rise  to  such  morbid 

changes,  viz;  "impaired  digestion,  softening  of  the  bones, 

enlargement  of  the  ends,  deficiency  or  maldistribution  of  the 

lime  salts,  weakness,  distortions,  and  other  symptoms  as  well 

23 
knovm  to  attend  rickets  in  human  subjects'!  He  also  points  out 

at 
that^the  Regents'  Park  Gardens,  a  great  number  of  young  lions 

have  been  born  but  nearly  all  of  them  died  before  adult  age; 

and  then,  he  continues: 

"In  private  menageries,  where  the  animals  are  moA'-ed 
about  from  place  to  place,  a  great  number  of  lions 
have  reached  maturity." 
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.  34 
Again,   IXidgeon     asserts: 

'Young  puppies   and  kittens  born   and  bred   in   the 
aniiTial   houses   attached  to   various    scie-itific 
laboratories   are   especially   liable  to   develop 
rickets,    even  when  the  diet  has  been  rao-^t  ca.re- 
fully|re;Tulated.      This    isWinly   due   to    the  diffi- 
culty of  obtaining  sufficient   amount   of  li^ht  and 
air  which   is   necessary  for  the   animals." 

Many   such   instances  of   the    effects   of    domestication 
can  be    cited  but   -j-zhether  or   not   the  bone    deformities    , which 
developed   subsequent    to    the  removal  of   the  animal  from  its 
natural   abode   alone,    were   of   true   rachitic   nature,   can  not  be 
safely  ascertained  without   other   evidences.     Moreover,    it    is 
conceivable,    as    is   true    in  me.n,    that    similar  bone    deformities 
in  lower   animals   are   not    exclusively   found   in   only  one   dis- 
ease.     Nevertheless,    there    is   no   available   reason  at  present 

to    eliminate   the  possibility  of    some    changes   referstTjle  to    / 

A 

faulty  nutrition  brought  about  by  other  factors,  which  inevitably 
result  from  tie  exclusion  of  the  animal  from  its  normal  dwelling. 

The  attempt  to  domesticate  an  animal  deprives  him  not 
only  of  the  enjoyment  of  his  home  life  and  freedom  of  his  own 
action  but  also  subjects,  him  to  a  nutrition  which  may  be  detri- 
mental to  his  physiological  v/ell-oeing.The  famous  experience 

3  5 
of  Bland-Sutton   in  the  Zoological  Gardens,  Regents'  Park, London, 

seems  to  indicate  that  young  lions,  after  the  withdrawal  of 
milk,  and  subjecting   them  to  a  diet  of  meat,  bone, vegetables , 
and  starchy  ma.terials  ,  developed  a  morbid  condition  from  which 
many  had  succumbed.   If  the  disease  which  was  then  diagnosed  as 
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rickets,  could  be  prevented  or  overcome  by  the  introdiction  of 

milk,  or  the  addition  of  coH  liver  oil  to  th=  dietary  without 

altering  the  environmental  r^ondition,  it  seems  probable  that 

the 
somethin-^  in  the  food  was  partly  responsible  factoEiAn  opinion 

~liTU.S 

4iay  be  formulated  that   the   factor    in    question  resides   in  par- 
ticular   constituents   of   the   milk  which  could  also   be    supplied 
by   the  cod   liver   oil,    and    seems   to    exert    its    effect  on  the   nutri- 
tional mechanism  of    the  animal.      Although  this   hypothesis  may 
not    seem  to   be   favorable   to    those  who  uphold  the  calcium  de- 
ficiency  theory,    since   the  youno;  lions   could  not  masticate 

the    bones   givei    them  from  which  tls     calcium  supply   could  have 

32  19   " 

been   derived      ,    still   the  work  of  Mellanby        on   pupi:ies,and 

36 
more   recently      that   of  McGollum  and  his    co-workers      on  r^ats, 

have   shown   conclusively  that   the   induced  disease-syndrome 
termed   "Exi'nrimental  Rickets"    is   caused  by  a  state   of   faulty  nu- 
trition  of   the   rapidly  growing  animal   and  have   advanced  a  view 
that    some   hypothetical  substance    is    still   to    be    sought   for,   by 
the  lack  of   v/hich   in   the   diet,    the   disorder    is    apt   to    develop. 

1.      b.      Diagnosis. 

Granting--  that  the  disease  "Rickets "may  develop  in  ani- 
mals, how  can  it  be  recognized  ?   In  other  words,  what  means 

7 
are  to  be  employed  to  establish  a  diagnosis?  Cheadle  describes 

the  physical  signs  in  lion  whelps  by  saying: 
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same  feebleness  of  the  muscles,  the  same  debility, 
ls,xness  of  the  sinews  and  bending  of  the  bories; 
and  the  identity  of  the  morbid  changes  has  been 
fully  established." 

But  the  most  concise  and  accurate  description  of  the  symptoms 

37 
of  anima.l  rickets  (puppies)  seeois  to  be  that  of  Sfellanby 

found  in  the  Special  Report  of  the  Medical  Research  Committee 

as  follows? 

"The  bones  are  defectively  calcified  and  the  legs 
bend,  the  lif^arn^nts  are  loose  and  emphasize  the 
leg  deformity.   Swellings  of  the  epiphysis  of  bones 
are  obvious  ,  the  rosary  developes  at  tlie  costa-chon- 
dral  junctions  and  other  chest  deformities  accord- 
ing to  the  intensity  of  the  affection.   As  in  the 
rachitic  child,  the  aniras^ls  are  lethargic  and  us-aal- 
ly  shov/  great  inability  to  run  some  time  before  the 
bone  changes  would  prevent  their  so  doing.   That  is 
to  say,  theT-e  is  a  loss  of  tone  of  the  muscles  often 
accompanied  by  a  lack  of  desire  to  carry  out  physical 
exercise." 

From  the  above  description,  one  ms.y  infer  that 


5/^/^fc^7^<^^' certain  similarity  of  the  physical  signs  of  the  disease 

in  animals  and  rickets  in  the  human  subject.   The  premature  decay 

or  brittleness  of  the  teeth  may  also  be  observed.   Xerophthalmia 

ma,y  Jil  ,tfi  be  seen,  although  such  a  disorder  has  'x^'^QXi    regarded  as 

possibly  due  to  an  entirely  different  factor  from  that  causing 

36 
rickets.  McCollum  and  his  co-workers  also  point  out  the  bulging 

of  the  abdomen,  the  downward  displacement  of  the  abdominal  or- 
gans and  the  characteristic  contraction  of  the  chest,  beside 
other  osseous  deformities,  as  g^jides  in  establishing  a  diagnosis. 
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The  beading  of  the  ribs  does  not,  hov/ever,  seem  to  be 

pathogncmonic  as  rjuch  enlargements  may  likewise  be  seen  in 

8  21 

scnrvy  and  possibly  in  other  deficiency  6  isee.sesl  u^le^s^  ly^&^t^se^ 

The  bone  lesions,  which,  as  in  nen,  present  dis- 
tinctive features,  are  of  diaffnostic  value.   In  the  Special 

37 
Report  of  the  Medical  Research  Gormnittee   the  following 

sta.tements  e.re  found: 

"After  death  the  calciim  content  of  the  bones  is 
low  and  the  structure  as  revealed  by  histological 
examination  of  the  bones,  is  characteristic  and 
pathognomonic,  the  irregularity  of  the  epiphyseal 
cartilages  and  the  presence  of  osteoid  tissue 
in  abundance  being  the  most  marked  featiires." 

36 

Besides  the  above  leaions,  McGollum  and  his  co-workeirs 

add  the  folloy/ing  as  diagnostic  signs  of  experimental  rickets: 

"1.   The  presence  of  a  widened  transitional  zone, 
2.   A  more  crlless  increa.sed  width  of  the  cartilage 
and  a  greater  or  lesser  irregularity  of  its 
shaftward  margin  as  the  result  of  the  invasion 
of  the  epiphysis  by  the  diaphyseal  elements." 

And,  it  is  possible  that  s-uch  changes  nay  differ  in  degree 

36 
according  to  the  type  and  kind  of  diets,  and  probably  to  the 

particular  susceptibility  of  th^^:  animal  or  of  the  species, 

since  it  has  been  r  einsrle  d  that  the  more  rapidly  growing  the 

animal,  the  more  abundant  is  theFormation  of  osteoid  tissue. 

2.  Similarity  to  Human  Rickets. 

Nov/-  we   are    confronted  with  a   somewhat    delicate   question: 
js   the  disease    induced    in   lower   animals   the    same   as   that    in  roan? 
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It  is  obvicus  that  individual  reactions  of  animals  of 

the  same  or  of  different  species  to  a  common  stimulus  widely  differ 

In  other  v/ords,  the  s-me  factor  or  factors  that  cause  a  definite 

pathological  change  in  rnsn  may  produce  a  different  lesion  in 

lower  animals.   The  veracity  of  thi§  statement  may  not  be  doubted, 

when  we  come  to  consider  that,  while  polished  rice  may  cause 

the  disease 'beri-beri"  in  man   where  besides  the  characteristic 

lesions,  therefnay  be  hypertrophy  of  the  right  heart  without 

app:"eci£ble  lesions  in  the  adrenals  outside  of  simple  congestion, 

the  sarr.e  type  of  deficient  dietary  produces  in  pigeons^  as  experi- 

38 
rr.ented  by  McCarrison,  ^  distinct  atro  'hy  of  the  heart  and  a 

marked  1-Lypertrophy  6f   the  suprarenal  glands.  And  even  if  it  were 

possible  to  demonstrate  the  disease  "rickets"  as  one  and  the 

same  in  lower  anim^.ls  and  human  subjects,  still  the  degree  of 

lesions  may  aprain  differ,  as  it  is  possible  that  experim_ental 

8 
anim.als  such  as  rats,  may  be  more  susceptible  to  it  tha;i  man. 

Moreover,  there  seems  to  be  a  considerable  dispute  as  to  the 

identity  of  the  histological  findings  of  the  rachitic  human 

20        26 
bones  and  those  of  the  lower  animals.   StoelT^ner   and  Holt 

express  similar  opinion  on  tJiis  matter.   They  believe  tha.t 

ricket-like  condition  of  the  bones  of   growing  animals  "^^  be 

produced  experimentally  by  subjecting  them  to  a  diet  deficient 

in.  calcium  and  phosphorus  but  histological  exaninaticn  of  the 

osseous  lesions  a-re,  by  no  means,  identical  with  that  of  human 
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ricketj^  bone.      The   result in>-^  lesion    in  the    ex}:erimental  animal 

20Jc26' 
is,    according  to    them,  in  the   nature   of    pseudo-rachitic 

osteoporosis  vjhich  may  be,   unlike   human  rickets,    improved  by 

26 
the    administration  of   calcium  salts   alone. 

There  seems  to  be  some  danger,  therefore,  of  establish- 
ing a  diagnosis  of  rickets  in  lowef  animals  from  the  macroscopic 
chancres  presented  by  the  animal  body  under  *to#  dietetic   experl-rtKjnts 

even    if'the    identity  of   the  disease    in  both  species  may  be   ad- 

1  32 

mittBd   a  priori. From  a    critical  standpoint,    Findlay     upholds 

the   view  by   saying: 

"Careful  mieroscopic   examination  has    demonstrated 
two   facts,    viz: 

1.  That  all   examples   of   spontaneous    experimental 
rickets    in  animals   described  by  veterinarians 
and  experimentalists   are   not    identical  with 
the  .  disease^as  met   with  in  man;    and 

2.  That  merely  naked  eye   or   chemical    examination 
of  the   skeleton    (as  pointed  out   by   Schmorl) 
has   been  t\*elcE,use   of   a  great   deal   of  miscon- 
ceptiojii    in  the    subject." 

Nov/,   where    do   v/e   stand?      Is   there   or    is   there   not 
such  a   thing  as   experimental  rickets?     And,    if   so,    is  fMe 
morbid  process    identical  with  that    in  man?  Although  we   do   admit 
that   there  may  be  osseous  lesions    in  anima.ls    subsequently  pro- 
duced by  a    deficient    dietary  or  by   domestication  or  by  some   other 

factorawhich    do    not    seem  to  be  homologous  to   the  morbid  find- 

A  20  &26 

ings    in  man,    still  we   are   not    justified    in   concludint^  posi- 
tively that,   with  similar  physical  signs   and  pathological 
lesions,    the   disease    in  animals    is   not   rickets.    It    is    notev/orthy 
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that   our   experimental  reseErch  v/orkers   are   fully  aware   of   their 
results,    beinn  guided  by   tests   and   other  means    in  the  accur- 
ate  recognition   of  the  iisease    in   lower   animals    so    that   full 
confidence   on  our   part  may   not   be  undesirable.      T^iTc^'-cf.^^.rGr ,    if 
we  bg^ar    in  mind   that   the  morbid  process  may  be   induced    in  ex- 
periraentc.l   animals  by  almost   identical   factors  ander  which 
the   disease  may   develop    in  man  and  that   the   similarity  of  the 
morbid  signs   andlesicns  resulting  therefrom  may  be   estab- 
lished  in  both  species,    the  possibility    of    cheir   being  one 
and   the    same   disease  may  be    carried  farther  away  from  the 
shado\7  of   doubt. 

The   burden  of  proof   is   not   only   confined   in  the  similarity 
of   the    etiological   and  pathological  aspects  of   the  two    con- 
ditions   in  both  species,    but  also   in   their  reaction   to^vard 
therapeutic    agents.      The    specificity  of    cod  liver   oil   in  the 
curative   treat-ient   of   the   disease    in  man    is    conclusively  ad- 
mitted by  practitioners   and  experimenters,    although   it  may  be 

possible   that   in   some  cases,    the   oil  exerts   a  retarded  or   negative 

4 
influence . 

Its  prophylactic   value    is    also    established  beyond  doubt. 

39 
In  this    connection,    Hess  and  Unger     have    shown   statistically 

the    beneficial   effect   of   the  oil  on  the   disease   among  the   negro 
children    in  Columbus   Hill  District   of  T^ew  York   City.    The  fol- 
lowing  Table  which  may   not   be  out   of  place   to    reproduce , illustrate^ 
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so'ie  of   thei, 


nre suits: 


'Comparative      Incidence     of     Rickets  Among   Infants 
Re c e iving  and  Hot  Heceiving  the  Prophylactic   Therap^ ' 


Duration  of 
therapy   •  Ho. of 
month     •  Infants 

Infants  not  :  Infants 
developing  '   develpping 
rickets     '   rickets 

• 

Won-rachitic 
■ 

il  given         6    : 
average  total)        • 
54  oz. 

32 

30 

2 

93 

il  given          6 
Average  total  ) 
23  0%. 

5 

4 

1 

80 

il  given 
average  total) 

21  oz.         4 

il  not  given 

12 

16 

:     7 
:      1 

5 
:     15 

:      58  ■    ' 

•         6        " 

?he   conclusion  from  the  above   Table    is   therefore  obvious.      This   remarkable 
:terapeutic   and  prophylactic   effect   of   codliver   oil  on  human  rickets   deserves 
in  important   consideration   from  an  administrative  public   health  point   of  vie^ 
In  animals,    similar   effects  of   the  oil  me.y  be   observed. 

'his    is   clearly    s/iovm  by  the   exlriuastive   v/orks  of   Shipley , Park,  .$md  McCollum 

36 
md  their-   co-workers      on  the    effect   of   cod   liver   oil   on   rats   with  experiment- 
al rickets  v/here  ,they   say,: 


"The   results   of   this    series  of  preliminary    experiments 
are   twofold:      They  afford   ocular  and   conclusive 
evidence  of   the    specific  'oeneficial   effect   of   co4  liver 
oil  on  rats    suffering  'jrith  experimental  rickets    in  that 
some  substance   or  substances    in   the  oil   cause   cal- 
cium to   be    deposited   in  the   same   fashion      in  which 
deposition  occurs    in   spontaneous   healing   of i  rachitis 
in  man.      Moreover,    they  prepare   the  way  f or^elaborat ion 
of   a  new  test,    which   it    is   hoped  may  eventually  prove 
even  to   be   roughly   quantitative   for  the  determination 
of   the    calcium-depositing  potentiality  c^'   any   sub- 
stance   in   terns   of    cod  liver   oil  units." 

The   experience   of   Bland-Sutton,    which  has   beai    before   referred  to, 

may   here  be   readied.      There    -aay  therefore,    as  KcGollum  and  his 

36 
co-wo  r'kers   express,      be   conceived  a   substance   or   suostances    in 

the  milic   or   cod   liver   oil  which  are    concerned  not   only    in  the 

etiology  but  also    in  the   tire  rapy  of   the  disease  both   in  man  and 

19 
in  animals.      She   experiments   of  Mellanoy        are   not   opposed   to 

this  view.      This  so-far  undetermined   "food  accessory"    suostance, 
which  will   a'Tain  be   referred  to,    has  been   termed  the   anti-rachit ic 
factor. 

Taking    into    account   the  foregoing  facts,    since  the 
morbid  process    in    lo\'7er   animals  may  be    shown   etiologically,   path- 
ologically  and  therapeutically    identical   with  that    in  man,    one   tnay 
not   be   safely   justified    in   doubting  that    in  animals,    there    is    a 
disorder   called    "experimental  rickets"    corresponding:  or   homolo- 
gous  to   the   human  type,    in  the    same    category  as    "polyneuritis 
gallinarura"    in  fowls   to "beri-beri"    in  man. 
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III.    ETIOLOGY. 

The  causative  factors  that  seen  to  operate  in  the  dev- 
elopment of  the  disease  are  apparently  so  numerous  that,  for  the 
sa^'e  of  convenience,  they  mR.y  be  grouped  under  t  vo  sub-headings: 

A,      The  Pre-Disposlng.  and  B» ^determining. 

A.   predisposing  Causes. 

1.   Geographical  Distribution  and  Glimatology. 

Historically,  the  disease  is  said  to  have  been  so  preval- 
ent throughout  England  at  about  the  time  of  its  recognition,  that 
it  received  the  name  Morbus  Anglicus.''   B^j.t  it  was  found  out  that 
England  was  not  its  only  home. 

Rickets  exists  in  all  quarters  of  the  ,-^lobe.   In  Europe 

and  North  America,  it  is  more  abundantly  distributed  in  the  region 

within  the  temperate  zone.   It   is  believed  that  the  disease 

rarely  occurs  in  North  Greenland  and  Faroe  Islands;  and  it  occupies 

a  subordinate  place  in  the  morbidity  statistics  of  Iceland, 

40  2 

Norway  &nd  "Denmark.   According  to  Palm  ,  Hirsch  and  Creighton  , 

"Its  principal  seats  are  Germany,  England,  Poland, 
Belgium,  France,  and  Northern  Italy;  while  southern 
Italy,  the  southern  provinces  of  Spain  and  still 
more,  Turkey  and  Greece,  enjoy  a  notable  immunity 
from  it." 

Although  the  disease  exists  in  the  United  States, it 
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is  not  so  abundantly  <sts!;blish,ed  as  in  the  European  countries. 

Indeed,  it  seems  to  be  more  or  less  limited  in  s'-.ch  large 

2 
cities  as  New  York,  Philadelphia,  Cincinnati  and  Baltimore. 

Rickets  is  less  cc^-mon  or  rere  in  Syria,  Arabia,  India,  Java, 

Cochin -China,  China,  Japan,  Madagascar,  Mayotte  and  other 

Pacific  islands,  Egypt,  Algeria,  SenRgajiibi?. ,  Calif  ornia , west 

coast  of  i.Texico,  the  West  Indies,  Guiana,  Buenos  Aires.and 

40  41 

Paraguay.   Palm   and  Watson   at^ree  that  the  abundcnt  sunlight, 

ventilsticn,  lactation, and  the  special  food  that  the  natives 

of  India  eat,  explain  the  relative  inmiunity  of  the  population 

of  that  country.   The  same  explanation  (relative  to  sunlight 

and  ventilation)  may  be  offered  as  to  the  rarity  of  the  disease 

7 
in  China. Cheadle  thinks  that  the  consumption  of  a  large  amount 

of  fish  oils  in  Japan  and  the  late  weaning  of  Japanese  child- 
ren (sometimes  up  to  five  years  old)  prevent  the  people  from 

22 
developing  the  disease.   On  the  other  hand,  it  ispaid  that 

sofee  cases  of  rickets  have  been  found  among  the  recruits  exam- 
ined by  Ogata  'i/a   the  Province  of  Toyama,  Japan,  on  the  ^western 

32 
shore  cf  the  northern  island  ;  and  Findlay  believes  that  in  this 

region  the  disease,  which  has  been,  according  to  folk  lore,  exist- 
ing endenically  for  at  least  fifty  to  one  hundred  years,  was  due 
to  the  poor  ligl tknd  improper  vent ilnt ion  of  the  houses,  except- 


ional to  the  rest  of  Japan, 
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From  the  above  remarks,    it  may    be    inferred  that   rickets 

seems    to  e>:ist    in   all   psrts   of   ths  v/orld.      However,    its   occurrence 

may  be    influenced  by    climatic    conditions,    nota.bly  with  regard 

1 
to   altitude,    temperature,   sunlight,    and  humidity.lt    is    said 

that    the    disease    is   rare   at   high  elevations    "especially  when 

the   soil    is   dry".    7/ith  reference    to   th  relation   of  rickets   to 

2 
climate,    Hirsch  and  Creighton     give   the    follcving   statement: 

" the    disease   in  any  form,   and  particularly 

in    its    severe   forms    is   much  rarer    in   tropical  and 
sub-tropical    countries   than    in  high  altitudes; 
but    in  amount   and  severity  of   type,    it    stands    in  a 
definite   relation   to   climate   that   countries  with  a 
cold   and   wet   climate,    subject    to    frequent    changes 
cf   t}ie    "/eather,    si:ch-  as  Holland,    many  parts   of  England, 
"the   North  Germe.n  plain,    the  mountci.inous   regions   of 
Central  and    Southern   Germany,    and  the  plains   and 
mountainous   districts   of   Horthern  Italy,    if  they  are 
not   the   exclusive   seats   of    rickets,    are   at   all   events, 
its   headquarters." 

In   certain  retrions   of   the  countries    above  mentioned,    wherever 

the  nature  of   the   soil  has   a   good  deal   to    do   v/ith  the  character 

of   the   climate,    the   disease    seems   to   be   worse.      Such  places   are, 

2    : 
according  to    them 

" in  the  wet   plains   of   Lorabardy,   of   Alsace,    of 

Holland,   of  Belgium  and  of  North  Germany;    as  v/ftll 
as    in  valleys,    deeply   cleft   and  traversed  by   many 
water   sources,    of   the  giant  Mountains,    the   Thuringian 
forests,    the  mountainous  parks  of   South  and  Western 
Germany,    and   the  Alpine   foot   hills   of   Austria  and 
Northern   Italy,      nn  the   other  hand,   at   high   elevations, 
and  on  dry   soil  within  those   regions,    rickets    is   of 
comparatively  rare   occurrence    :      as   at   the   highest  places 
in  the   Erzgebirge,    and   in   the   Norican  Alps .although 
the   condition^of   living  among   the   people      are,  in  liiany 
respects , unfavorable . " 
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It  is  not  at  all  improbable,  that  rickets  has  not  og  en 
receiving  the  proper  attention  that  it  deserves.   In  other 
words,  it  isroossi'Dle,  that  in  places  where  rickets  is  said  to 
have  been  absent,  the  careful  search  for  the  disease  may  have 
been  lacking;  and  it  is  not  \anliVely  that  cuite  a  nuraber  of 
cases  may  have  escaped  notice  in  places  where  it  does  not 
occur.  It  may  therefore  be  infer:^ed  that  its  exact  geographical 
distribution  is  not  as  yet  determined;  and  if  it  be  true 
that  the  nalady  accompsnies  the  path  of  civilization,  we  would 
expect  that  its  distribution  would  keep  on  cha,nging  v/ith  the 
progress  of  time  ft^  changes  of  climatic  conditions. 

2.   Frequency  a-nd  Season  Occurrence. 

Rickets  seems  to  be  now  more  frequent  than  it  formerly 

was.   7/het?ier  or  not  this   is  due  to  a  more  adequate  diagnosis 

or  to  the  actual  increase  of  the  number  of  cases,  is  not,  known. 

3 
Findlay  does  not  believe  that  there  are  available  figures, by 

which  one  m&y  judge  the  relative  frequency  of  the  disease  in  thje 

general  population  of  different  distrtcts,  since  the  statistical 

data  published,  rdfer  only  to  the  prevalence  of   the  disease  in 

1 
hospitals  and  other  institutions.   Barlow  and  Bury  ,  hov/ever, 

express  that  the  disease  is  more  freonent  in  SHCh  densely  populat- 
ed cities  as  Prague,  London,  and  Manchester  where  an  average  of 
30,^  of  the  young  children  attending  the  hospital  have  oeen  affected 
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by  it.   The  disease  is  also  prevalent  in  Liverpool,  Glasgow, 

Vienna  and  New  York,  and  in  the  manufacturing  districtspf 

'        7 
L8.nccashire  and  YorksJiire,  the  Black  County,  Scotland  and  Wales, 

*here  the  poor  class  is  especially  affected.  Hirsch  and  Oreightoi 

give  some  statistical  data,  which  are  hereby  tabulated  to  illuS' 

trate  the  percentage  ^r&portion  of  the  disease  in  certain  cities 

Statistical  nalculations  on  the  Proportion  of 

Rickety  Children  among  Pertain  Totals  of 


!ities 


Oopenhagen 
Basle 
Dresden 
Berlin 


?rankfort-on- 

4 


Philadelphia 
jondon 

Manchester 
Prague 


R&tients   belo>A^  Five    Years   of  Age 
No. of   y^ars  •"  Places   or 

of  :   Institutions 

observations 


6   years       .'Children's  Hospital 

6   years        Outpatients 
20   years      Children's  Hospital 
10   years      (Char it 4; 

(Outpatients 

(in   18>31)      Christ's   Hospital 
for   Children 
Outpatients 


(in   1882) 
(in  188  3) 

Several 

years 


2   ye  ars 


do 

do. 

Out  latients 

St  .3artholo?]iew' 

Hospital 

Outpatients 

the  Polyclinic 


Percentage 


8,4/ 
15.0 
20.0 

25.0 


25.0 
28.0 
27.0 
28.0 


30.3 
30.3 
31.1 
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?.0 
Stoelzner        considers  rickets   as  a.n   extraordinarily 

widespread  disease  where    it   affects   90%  or   more   of   the  poor 

children   of   greet   cities.      He  also    affirms   that    rickets    is 

rare  among  the   yellow  race   and  that    "the   negro    children    in 

the  tropics  may  remain  practically  exempt  but   those    in  regions 

9 
in  v/hich   it    is   endemic   seldom  escape."       Osier   asserts   that 

bOfc  to   80/€  of  all   the   children  at   the    clinics    of   London   and 

9 
Vienna  present   signs   of   rickets.      He   also    says:- 

"In'  the   cities   of  the  United  States,    it    is  very 
prevalent,   particularly  among  the  cMldren   of   the 
negro  and  of   the   Italian  races." 

8 
In  an   infr-mt   asyliom,   Hess  and  Unger   found  that  more   than  90^  of 

19 
the   infants    showed    some  signs   of   rickets;    and  Tellanby     asserts 

that, according  to    Schmorl's  histological   investigations,    90fo 

of  the    children  v7ho    died  before   four  years   old,    had  had  rickets. 

The   disease   seems   to   be    worse    in  winter    than    in  siuarner 

1 
months  and  this   difference    is  morehoticaable   among  the  poor. 

7  ' 

Cheadle   says   that   there   are  more   cases    in  the   cold  winter  months 

when  the    children  are,   most   of  the   time,    confined   indoors,    des- 

26 
tituts   of   light   and  fresh  air.      Likewise,   Holt      affirms   the 

view   that   the    symptoms   of   rickets   are  more    severe    in  the  winter 
and  spring,    although  the    statistics   from  the  four   large   out-patient 
clinics    show  that    there   were      more    than  twice   the   number   of   rachit- 
ic  patients    treated  from  January  to    JUne   than  from  July   to 

3 
December.      Findlay   supports   similar  opinion    ,    namely,    that   cases 
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of  rickets  become  eapecially  moinerous  during  the  spring  months 

and  diminish  during  fall.  And   regarding  this  seasonal  varia- 

26 
tion,  HOll"  Bars*  ■  : 

"What  is  it  that  determines  this  we  are  as  yet 
quitefxnable  to  say." 

However, we  may  be  justified  in  the  belief  that  the  seasonal  varia- 
tions may  partly  -nodify  the  course  of  the  disease  and  probably 
may  predispose  the  development  of  the  lesions  in  susceptible 
individuals, 

5.   a.  Age  Incidence. 

Rickets  may  be  regarded  as  a  disease  of  early  childhood, 

generally  within  the  first  two  years  of  life.   At  v/hat  particular 

age,  the  signs  and  symptoms  generally  appear,  is  a  ms.tter  of 

spec^ilation.   The  following  aggregate  statistical  figures,  as 

22 
quoted  by  Smith   ,  may  give  roughly  the  optimum  age  at  which 

the  roalady  may  develop: 

No. of  cases 

1) 

Duringthe  first  year 99 

"  "  the  second  half  of  first  year 259 

"  "    "     "  year  342 

"  "     "  third  year, 134 

"  "    "  fourth  year 31 

"  "    "  fifth  year  17 

"  "    "  fifth  and  ninth  year, 21 

Aggregate 903  " 
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Frora  the   foregoing?:  Table,    it  may  be    inferred   that   children 

bet'-yeen   the  age   of   six  ^aonths   to    the   end  of   the    second   year 

are  more  prone   to    manifest  the  disease   clinically.      This    is 

9 
not  against   the  vievir  expressed  by  Osier   that   the   disease  occurs 

within  the   first   and   second   years   of   life   but   rarely  manifests 

4 
itself  before  the   sixth  month.      Moore    ,   however,    says   that 

out   of   1053  .cases    examined,    the   earliest   age   at   which  rickets 

was   seen,   was   ten  weeks,    and  the  latest   seemed  to   have   oegun 

1 
at   the   20th  month  of   life;    although  Barlow  and  Bury,    on  the 

other  hand,    claim  that   rickety  rosary  may  be   identified   clinic- 
ally as   early  as  one  month  of  post-natal  life,    and  pathologically 
Ibeads  have  been   found   on  dissection  of   stillborn   child. 

Thejlast     view  brings  us  up   to   the   question  of    intra- 
uterine rickets.      Is   the  development   of   the   so-called  iftetal 

1 
rickets   possible?      Barlow  and  his    co-worker     answered  the 

question  by  assuming  that   the   disease   develops    in  utero   as   an 

1 
exagf?  ration  of   the  normal  process.      They   describe   the   lesions 

of   the^intra-uterine   rickets   as  bending  of   the  bones;   repaired, 
annular,    intra-uterine   fracture;   beading  of   the   ribs;    delayed  os- 
sification of   the  membrane  bones   of   the   cranium;   broad-cushion 

42 
of  proliferating   cartilages;    etc.      Likewise,    Shattock     gives 

a  more   lenv:thy   and   accurate   description  of   the  gross  osseoLis 
lesions   of   what   he   claimed   to   be   rickets   found    in   the   foetus, 
but   fails   to    differentiate   the  condition   from    that   of   cretinism. 
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5 
Fagge  goes  so  far  in  the  assertion  that  rickets  may  possToly 

develop  even  in  the  f irst-settin;^-in  of  the  process  of  ossifica- 

7         22 
tion  within  the  foetus,   Gheadle  and  Smith  confirm  the  exist- 
ence of  foetal  rickets;  the  development  of  which  in  ^;tero  has 

43 
been  regarded   as  the  influence  of  the  defective  nutritional 

condition  of  the  ma.ternal  blood.   On  the  other  hand,  it  is  not 
impossible  to  assume  that,  foetal  rickets  might  not  be  developed 

in  mother's  uterus  even  $he  exhibit? tendency  to  procreate 

16  20 

children  susceptible  to  the  disease.    Morecare?,   Stoelzner 

44 
and  Baxter  both  agree  that  the  so-called  foetal  rickets  is  not 

26 
identical  with  the  true  rickets;  and  Holt    gives  the  follow- 
ing remark: 

"More  careful  clinical  observation  and  especially 
pathological  studifiS  have  shown,  hov/ever  ,  that 
evidences  of  rickets  are  not  found  at  birth..   There 
is  probably  no  such  condition  as  foetal  rickets." 

ySThile  it  may  be  questionable,  therefore,  whether  or 

not  foetal  rickets  exists,  there  seems  to  oe  no  doubt  that  the 

clinical  'ns,nif estation  of  the  disease  may  not  appear  until 

45 
late  in  life.   An  interesting  living  case  is  cited  by  Dewitt 

where  tie  boy  has  been  healthy  after  nine  years  of  age;  there  was 

no  history  of  syphilis  in  the  family;  parents,  brothers,  and 

sisters  were  healthy;  he  has  been  living  in  sanitary  condition 

and  had  plenty  of  outdoor  games;  the  only  defect  in  the  life 

history  of  the  boy  was  that  he  was  ^veaned  at  two  months  old; 

and  it  was  not  until  nine  years  and  thee  months  aft'?r,  when  he 
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he  began  to  sho?/  signs  of  ricketsIThe  dia-xnosis  was  confirmed 

by  a  comnittee  especially  appointed  to  exa^nine  the  case,  who 

excluded  other  possibilities  ;  but  the  curious  thin^  about  the 

disease  is  that  it  could  not  be  arrested  or  alleviated  by  cod 

1 
liver  oil,  but  by  potassium  ioriide.   Barlovy  and  his  co-worker 

ctte  two  cases  where  active  manifestations  came  at  eleven  years 

of  age,  which  proved  to  be  rachitic  oy   post-mortem  exaifiinat ion, 

but  they  believe  that  they  were  recrudescence  rather  than  new 

26 
development  of  the  disease.   Hov7ever,  Holt   asserts  that   al- 
though rare,  late  rickets  may  occur  in  children  between  six  to 

2C 
twelve  years,  while  Stoel^.ner   claims  that  specific  rachitic 

lesions  me.y  manifest  themselves  clinica3J.y  as  late  as  the  age 

of  puberty.   It  may  be  inferred  therefore  that,  while  the  disease 

may  develop  from  birth  until  probably  at  the  age  of  puberty, 

the  age  at  which  the  child  is  most  predisposed,    may  be  safely 

stated  to  be  from  six  months  to  two  years;  in  other  words,  this  age 

may  be  takeSa  as  the  most  dangerous  to  the  gro./ing  infant  as  far 

as  rickets  is  concerned. 

5  b.  Sex  Incidence  and  Racial  Predisposition. 

Sex  seems  to  exert  no  influence  in  the  development 

of  the  disease,  since  the  male  and  the  female  children  are  equally 

7       9         26 
affected.   This  view  is  upheld  oy  Gheadle,  Osier  ,and  Holt 

25 
and  others,  although  Fergusaon  in  her  extensive  statistical  work, 
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concludes  that  r  ickets  is  slightly  more  prevalent  among  the  males 

than  ainon^Tthe  females. 

The  unusual  prevalence  of  the  disease  among  the  negroes 
9 
and  Italictns   over  the  other  races  in  iTev;  York  City  h-as  oeen 

26 
previously  remarl©  d  upon.   In  this  connection,  Holt  offers 

the  following  statements: 

"So  far  as  our  observations  are  concerned,  there  is 
no  peculiarity  in  the  food  of  these  people  which 
explains  the  prevalence  of  rickets  among  thera,and  it 
must  be  attributed  to  a  race  peculiarity." 
8 
Hess  and  7nger  make  similar  but  rather  reserved  reroarks  by  saying 

that  the  prevalence  of  the  disease  among  th?  negro  infants,  who 

are  living  side  by  si^ie  vvith  the  whites, obtaining  the  same  milk 

supply,  is  indicative  of  other  important  influences  in  addition 

to  the  food.   How  does  this  racial  peculiarity  work  to  bring  aoout 

the  development  of  rickets? 

4.   Heredity  and  Diathesis. 

Whether  or  not  heredity  plays  a  role  in  the  development 

of  the  disease  is  an  open  question,   Congenital  rickets  may  be 

possible,  but  the  existence  of  hereditary  rickets  remains  still 

not  far  from  the  shadows  of  doubt  until  the  transmission  of  the 

disease  through  one  or  both  of  the  parental  cells  --spermatozoon 

or  ovum  --is  conclusively  demonstrable.   Opinion  on  this  matter 

13 
is  divided.   Parker    emphat  ically  a  sserts  his  belief  that 

rickets  is  constantly  congenital  and  that  he  redity  plays  a  very 
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26 
important   role    in   the  etiology   of   the    disease.      Holt      on  the 

other  hand,    expresses    : 

"There   seems    to   be   no   greater  reason  for   denyin^f^  the 
influence   of   heredity    in  rickets  than   there    is 
in   arterio-pclerosis  or   t 'berculosis  .  " 

From  an  etiologicial  viev/point,    therefore,   we   cannot    soundly 

ariait   that    heredity  per   se  plays   an   important  part    ijj  the  direct 

causation   o^   ric>ets    since  we  do   not   have  proofs   to   show  that 

the   causative   factor,    whatever    it    is,    is   transmitted   from  the 

9 
parents   to   the  offsprings  through  the  primary  ger7ninal   cells. 

If  hereditary   tickets,    as   having  originated  from  the  parents, is 
warranted  because    either  the    father   or  mother  or  both,    had  had 
rickets    in  their    childJaood,    we   would  be    denying  the  fallacy  that 
measles,    scsrlet   fever,    and  typhoid  fever   may  be  also   hereditary 
diseases.      However,    even  though  the   theory   of  hereditary  trans- 
mission of   rickets   does   net    appear   to   us    convincing,    still    it   may 
be    conceivable   that    the   condition   of    the   health  of   the  mother 
during  pregnancy,    as   a   significant   factor    in  preparing  a  leachlttc 

field    in   the  body   cf   the    child  formed    in  her   womb,    c^n  not   be 

1 
entirely  eliminated.      Barlow  and  Bury's     assertion .that   the  later 

children  of  a   large   family  are  more   liable   to  be   rickety  anfl  that-f^;j 
phenomenon    exists    generally   among  the  poor,    seems    to    be   confirma- 
tory to   the    above   opinion    ;    for    then    it  would   oe    ccnceivaale    that 
thtrepeated  pregnancies  of    the  mother  may  presumably  tend  to   de- 
crease  the   nutritional-giving   capacity  of   her   blood  subsequent 
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to  her  weakened  vitality.   This  view  seems  to  receive  the  sup- 

7 
port  of  Che  adi«  who  seys: 

"The  influence  of  heredity  is  probably  limited  to 
the  transriissicn  of  a  weakly  constitution,  or  to 
some  factor  of  imperfect  nutrition  of  the  foetus 
in  the  womb. " 
7 
But  he  further  says  : 

"....that  children  of  perfectly  healthy  persons 
become  rickety  ;  in  vs-st  majority  of  cases,  indeed, 
rickety  children  are  born  of  parents  who  do  not 
exhibit  the  smallest  trace  of  past  rickets." 

The  question  of  individual  predisposition,  then,  seems 

to  deserve  some  attention.   Is  there  or  is  there  no   dia.thesis 

43 
in  rickets?   Besides  what  is  above  stated,  some  v/riters    con- 
sider rachitic  diathesis  in  the  same  ca.tegory  as  tubercular, 
scorbutic,  gouty,  or  leprous  diathesis^ and  that  the  degree  of  the 
deranRement  of  digestion  or  metabolism  producing  the  disorder 

may  be  influencedl  by  the  idiosyncrasy  of  the  individual.   This  is 

2 
corroborated  by  Hirsch  and  Creighton  vvho  point  out  that  the 

disorder  of  nutrition  is  secondary  to  the  effect  of  morbid 

diathesis  born  with  the  child,  contrary  to  the  opinion  of 

4  6  14 

Longhurst   and  Lucas   who  consider  that  the  disease  is  due  to 

imperfect  nutrition  and  results  from  the  evils  of  civilisation 

20 
alone  and  not  to  diathesis,   Stolezner   gi^es  the  following 


remarks: 


"If  this  hereditary  predisposition  is  absent  , 
children  often  remain  free  from  the  disease 
even  if  fed  artif ically . " 
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It  may  safely  be  concluded  therefore,  that,  although  the  diiect 
transmasion  of  the  disease  from  parents  to  offspring  lacks  con- 
firmation, still  the  rickety  diathesis  seems  to  have  some 
stability  and  s^ipyiort  to  e:xplain  some  of  the  unknown  facts 
connected  -//ith  the  disease.   For  instance,  it  is  a  fact  that 
the  reaction  caused  by  the  unknov/n  specific  causative  agent 
differs  according  to  the  individual,  and,  this  peculiarity 
of  reaction  seeks  for  its  explanation  jajiinly  in  the  degree 
of  susceptibility  or,  in  terms  of  morbid  condit ion§ , the  dif- 
ference of  diathesis.   In  other  words,  tfee  extent  and  possibly 
the  setting-up  of  t-e    racliitic  lesion  may  be  in  part  a  measure  of 
resistant  power  or  constitutional  predisposition  to  this  par- 
ticular malady. 

4.   (1)  &  (2)  Parental  Influence. 

3 
Contrary  to  the  opinion  of  some  ,  acquired  predisposi- 
tion to  rickets  in  certain  individuals  may  be  considered  as  a 
contributory  factor  but  not  the  direct  causative  agent  of 

the  disease.   How  is  this  diathesis  produced?   The  question  seems 

22 
to  bepertly  answered  by  Smith  when  he  sayg : 

"In  some  infants  there  is  an  undoubted  he-^^dltary 
predisposition  to  rachitis.   Feeble  digestion  and 
defective  assimilation  in  the  infant,  which  are, 
(as  v/e  shall  see)  important  factors  in  producing 
the  rachitic  state,  are  often  traceable  to  diseases 
or  cachexia  of  one  or  both  parents. The  offspring  of 
a  tubercular,  syphilitic  or  otherv/ise  eneefbled  parents, 
is  more  likely  to  become  rachitic  than  those  of  healthy 
and  robust  ancestry ;and  it  a.ppears  that  flisease  of  the 
mother  is  more  apt  to  entail  a  rachitic  predisposition 
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than   that  of   the    father.      Amongthe  parental  ca.uses 
may  be  mentioned  poverty,    hardships  and  defective 
nutrition  of    either  parent;    age  of  the   father, 
and   exhaustive    discharges   of   the  mother   such  as 
purulent   hemorrhoidal^ Oi'  uterine   fluxes." 

To   }ipve   8    clear  understanding;  of   the   parental    influences 

in  predisposing  the  child   to   rickets,    the  soci&l   and    economic 

conditions  are   to   be   considered  with  the   health  and  habits  of 

the  father   and  mother,      in  a   v/ay,    the   health  and  habits  of   the 

parents  may  be    lare:ely    influenced  by  the   condition  under   -.vhich  they 

live   a.'id   this    is    deterr;iined  by, outside   of   educational  training, 

thei^   social  and   economic    status.    It  may  be   expected   th-at    in   the 

well-to-do    class,   the   number   of   rachutic   cases    should  be   less. 

25 
This    is    confirmed  by  th  findin;-;  of   Fergusson     araon  ■   her  Glasgow 

cases,    nar'iely,    that   although   living   in   the  same    district,    tte 

social  conditions   of   the   non-rachitic   family  are  better  than 

those   of   the   rachitic    .      The   well-to-do   families,    therefore, 

are   not    exempted  from  the    disease;    indeed,    it  may   be   as   frequent 

16 
and    sometimes    even  more        amonff  them  although  possibly  milder, 

1 
as   8.--ong  the   poor,    especially   if   disregard  or   neglect    is    given 

to   the   laygienic   requirements  .of  the  young  children    ,   particularly 

22 
with  regard  to   the  use   of    improper   food.      On  the   other  hand, 

47 
©•Donovan     from  his    clinical   experience   among  the   negro    child- 
ren  in   the"31ack  District"      of  Baltimore,    states   that   he   has   seen 
no    rickets    even   in   the  poorest   and  ^Torst   conditions   of   lodging 
quarters  where   the  children  were   suckled  by  their  mothers {but 
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that  rachitic  children  were  found  in  the  better-house  surrounding 

where  improper  alimentation  has  been  given,   While  this  statement 

may  beltrue,  still  it  seems  quite  dangerous  to  construe  that  the 

lack  of  breast  feeding  is  a  factor  in  the  causation  of  rickets, 

since  it  may  be  shown  that  artificial  food  may  be  as  nutritious 

as  human  milk.   This  question  will  again  be  referred  to  later. 

14 
It  has  been  said   that  the  oldest  child  of  ths  rich 

and  the  younger  children  of  the  poor  are  the  ones  most  likely 

14 
to  be  affected.   In  this  connection,  Lucas    states  : 

"The  oldest  child  of  the  rich  suffers  because  it  is 
an  experimental  child,  and  the  parents  learn  by 
practising  on  it  how  best  to  feed  those  which  follow... 

The  younger  children  of  the  poor  suffer  because, 

with  large  families,  the  parents  are  unable  to  supply 
sufficient  food  for  them." 
25 
Fergusson  holds  that  the  probability  of  rickety  development  in- 
creases with  the  number  of  children  in  the  family.   It  may  be 

44 
interesting^  to  note  in  this  connection  that  Baxter   in  the  in- 
vestigation of  one  hundred  rachitic  children,  states: 

"A  larger  proportion  of  the  above  cases  can  hardly 
be  ascribed  to  the  influences  of  repeated  pregnancies 
in  exhausting  the  mother's  health  or  reducing  the 
standard  of  material  comfort  enjoyed  by  the  parents." 

This  statement,  hQr;\:ever,  cannot  invalidate  tine    opinion  held  by 

9 
Osier   in  that,  re.pidly  repeated  pregnancies  and  prolonged  lac- 
tation, especially  during  gestation  period,  are  accessory 

etological  factors  in  some  cases.   And  araon-  the  conclusions 

25 
drawn  by  Fergi^sson   in  her  exhaustive  statistical  studies  on 

the  social  and  economic  factors  in  thccausation  of  rickets  as  far 
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as  the  health  and  habits  of  the  parents  are  concerned,  she  says: 

"1,   Whether  the  parents  are  country  or  town  bred, 
has  no  influence  on  the  incidence  of  rickets  in  the 
children. 

2.  The  state  of  health  of  the  mother  is  only  a 
contributory  factor  in  the  development  of  rickets 
in  th^  child  in  so  far  as  it  affects  maternal 
ca,re,  or  is  an  index  of  the  conditions  under 
which  the  child  lives. 

3.  The  habits  of  the  mother  and  the  care  taken  of 
the  children  have  a  marked  effect. 

4.  fhe  health  and  habits  of  tlie  father  only  act  by 
modifying  the  social  conditions  under  whicii  the 
children  are  reared." 

The  occupation  of  the  father  should  also  be  considered 

especially  if  his  v;ages  are  Iot/.   it  is  obvious  that,  if  his 

earning  is  not  sufficient  to  meet  ths  demands  of  a  sanitary  home 

life  or  if  he  is  weak  to  earn  a  living,  the  mother  shares  in  the 

5 
evil  consequences,   m  this  connection,  Fagge  remarks: 

M 

The  illness  of  a  laboring  man  may  deprive  his  wife 
of  nourishjnent ,  throw  heavy  vvork  upon  her,  and  in  many 
different  ways,  render  her  likely  to  bear  weakly  infants; 
it  ma.y  prevent  the  children  from  receiving  proper  food, 
may  interfere  v/ith  their  being  taken  out  into  the  open 
air,  may  confine  them  in  a  small  and  cramped  rooms, and 
mat  limit  their  supply  of  warm  clothes." 

So,   v/hatever  bad  influences  act  -on  the  mother's  health,  may  pos- 
sibly diminish  her  nourishing  capacity  which  may  eitlrier  directly 
or  indirectly  in  turn  contribute  partly  in  the  development  of 

dtsorders  of  nutrition  of  her  future  children.   This  view  seems 

15 
to  agree  with  that  of  Jenner  when  he  says: 
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"The  health  of  the  mother,  hov/ever,  has  a,  decided 
influence  on  the  development  of  rickets  in  the 
child.   Whatever  renders  her  delicate , depresses  her 
powers  of  forming  good  blood,  that  tends  to  produce 
rickets  in  an  offspring." 


5.   Hygienic  Environnent . 

There  is  no  doubt  that  defective  hygienic  condition 

majr  contribute  partly  to  t}ie  causation  of  rickets  in  susceptible 

individuals.   This  assertion  is  supported  by  prominent  writers 

on  the  subject.  However,  the  possibility  of  the  disease  devel- 

OTDinj'-  in  the  most  sanitary  condition  but  defective  in  other 

7 
factors,  cannot  be  denied, 

5, a.  Overcrowding. 

1&;7 
It  has  been  previously  remarked  upon  that,  in  the 

smoky^ industrial. and  densely  populated  cities  of  London,  Man- 

chestr^r,  Liverpool, Glasgow, Vienna, Prague  and  Hew  York  City, 

the  disease  is  more  or  less  prevalent.   It  is  obvious  that  in 

these  cities,  the  cro./dinp;  of  the  population  of  probably  mixed 

races,  especially  of  the  poorer  class,  not  only  fCTrcrs  th^« 

disse'-aination  of  contaf^ious  rUseases,  if  any,  but  .also  influenced 

in  the  building  up  of  an  insanitary  surrounding  where  the  air 

becomes  impure,  li<^ht  insufficient,  food  unsound,  etc. --all 

tendin-^  to  diminish  the  vitality  of  both  parents  and  children, 

and  rendering  them  susceptible  to  diseases  of  all  sorts  to 

'mIcj  1-.  „'  --.rH   zixispase^prydisposed.   It  is  not  unlikely , therefore, 
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to  find  mere  cases  of  rickets  in  such  districts  although  it  is 
possible  that  in  the  above  places,  other  factors  may  play  an d  fPi^'j 
the  latter  may  be  more  important  than  the  f-^ulty  hygienic  surroun* 
ings  as  a  factor.   The  significance  of  the  effect  of  clinate 
should  a.lso  not  be  neglected  in  this  connection. 

5«b.   Domestication. 

48 
The  "theory  of  domestication"  of  von  Hannsemann  is  one 

of  the  most  famous  from  a  historical  point  of  viev/.It  has 

been  offered  to  explain  the  liability/  of  negroes  to  develop 

thepisease  when  brought  to  cilpilized  coramunities ,   when  in  their 

'   wild,  African  20 

natural  home 9, they  seem  to  be  exempt  from  it. It  may  partly  ex- 
plain the  occasional  prevalence  of  rickets  in  city  infant 

asylums,  except  those  of  i^e\i   York  where  greater  attention  is  given 

22 
to  sanitary  condition.  Of  course,  in  the  institutions  above 

mentioned,  one  should  not  neglect  the  kind  of  food  that  the 

children  eat.   Confinement  has  been  considered  as  one  of  the 

factors  that  lead  to  the  production  and  prevalence  of  the 

disease  in  the  poor  tenement  houses  of  large  industrial  cities, 

where  the  children  haveJess  chance  to  enjoy  the  effects  of 

pl^ysical  exercise,  healthy  surroundings, personal  cleanliness, 

bright  sunlight,  pure  air,  and  oalanced  food.   Rickets  has 

been  found  to  ':<evelop  chiefly  arnong  the  foreign  ele  aents  con- 

26       32 
fined  in  dispensaries  and  hospitals  of  la,rge  cities.   Findlay 
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lays  stress  on  the  importance  of  the  lack  of  physical  exercise 
during  confinement  and  he  proved  experimentally  upon  pups 
that  by  deprivin  •  the  animals  of  exercise,  even  if  the  surround- 
ings were  no:'^mal  and  diet  of  milk  and  porridge  lioeral,  rachitic 
lesions  in  the  bones  were  produced.   His  experiments  were  checked 
by  control  animals;  and  he  offers,  as  a  possible  explanation 
in  the  inducement  of  the  rickety  condition  in  these  cases,  that 
the  deficient  exercise  may  hinder  the  utili-'^atioa  of  the  food 
and  favor  the  production  of  vaste  producta.  This  statement 
however,  needs  confirmation. 

Again,  the  theory  of  domestication  ha.s  oe  en  applied 
to  the  inability  of  rearing  young  animals  in  zoological  gardens, 
where  they  were  confined  in  cages  removed  from  their  v/ild 
natural  abode.   Similarly,  it  shoixld  be  recalled  that  young 
puppies  and  kittens  born  and  bred  in  animal  houses,  and  other 

scientific  laboratories  develop  rickets,  even  when  they  are 

34 
fed  carefully  with  nutritious  diet.   The  resulting  lesions, 

however,  in  these  cases,  are  -ruite  questionable  for -had  not 
been  shoi^m  histologically  whether  or  not   they  were  rachitic; 
or  if  so,  whether  or  not  no  other  possible  factors  were  respons- 
ible for  the  condition.   Pi.irtheromore ,  in  the  Special  Report  of 

37 
the  ifedical  Research  Committee.  ,  it  is  stated  : 

"In  E.Mellanby's  experiment,  puppies  developed 
no  signs  of  rickets  during  confinement  for  three 
months  when  fed  on  adequate  diets." 
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Hov/ever,  the  value  of  the  application  of  the  theory  in  man, 

is  not  as  yet  definitely  ascertained.   Confinement  per  se, 

so  i.s  to  exclude  the  beneficial  effects  of  exercise  and  o:itdoor 

life,  obviously  disturbs  t-ie  norinal  raechanisra  of  the  body 

and  not  unlikely  that  concerned  in  the  proper  aetabdllsm 

tending  to  give  rise  to  nutritional  disorders. 

The  unsanitary  condition  of  the  dwelling  is  perhaps 

just  as  significant  as  the  lack  of  exercise.  The  effects  of 

unhygienic  surrounding  have  oeen   alluded  to  and  may  account  for 

the  pr'3valence  of  rickebs  among  families  living  in  the  crowded 

22 
tenement  houses  of  great  cities.   Poverty  obviously  leads  to 

t]^  development  of  unsanitary  homes,  and  rickets  is  not  uncommon 
amon-?  poverty-stricken  families.  However,  this  mist  not  be  taken 
to  mean  that  the  sanitary  abode  of  the  rich  does  not  \7elcoTn5 
the  spontaneous  appearance  of  rachitic  guests.  But,  if  per- 
sonal cleanliness  is  one  of  the  pre-requisites  of  health  mg.inten- 
ance,  it  should  not  be  absurd  then  to  state  that  such  disease 
as  rickets  may  dei^elop  more  rapidly  in  individuals  neglectful 

of  hygienic  require-aents ,   These  views  do  not  seem  to  disagree 

25 
with  the  studies  of  pergusson  who,  in  h'^r  coraclusions  regarding 

the  influence  of  home  sanitation  in  the  development  of  the  dis- 
ease, says: 
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"21.    The  district  of  the  '^ity  on  which  the  child 

dwells  has  not  so  great  an  influence  in  the  develop- 

Tnents  of  rickets  as  th^  actual  condition  of  the 

home. 

22.      The   average   number  of  persons  per   room  'vas 

almost  one  person*^n  the   rachitic   than    in  the 

non-rachitic   ftuailies. 

2").      The   cubic    space  per  person  was   22^  less   in 

fatnilies  with  cases   of  marked  rickets   than   in  fajm- 

ilies  who  were   ffee  from  the  disease. 

24.  The  cleanliness  ofthe  house  was  distinctly 
better  in  the  non-rac}]itic  than  in  the  rachitic 
family.    " 

True   as   these  results   may  be,    for   they  were   based  on  a  painstaking 
statistical  study,    still    it   seems  perha-ps   dangerous  to  regard 
domestic   hygiene   as   the  sole   responsible  factor    in  the    causation 
of   the  disease.      That    it  may,    either   difectly  or    indirectly,    con- 
tribute  to  or   exert   an    influencelon  the    real  yet   undetermined 
Ba,usative   agent   of    the   disorder,    seens    to   be  a  more   tenable   hypoth- 
esis. 

The    sanitation  of   the  home    is   determire  d,    not   only  by 
its    cleanliness  and   its    space   allotment  per   capita,   but  also    by 
the  a.mount   of   light  and  ventilation   it  receives.      It    is   generally 
accerited  that   air  and    sunlight   are    essential   for  physiological 

existence   aiid  well-being;    and   it    is   not   unlikely  a  potent   factor 

16 
in  brinpring   about   a  healthy  nutrition    in  a   growing  animal.      In 

thickly  populated   sections,   where   the   air    is  not    as  pure  and 

sunlight    not   as  bright,    nutritional   disorders  may  not    infrequently 

be    liable    to    occur.      This   notion   see^s    to  receive   the    support   of 

32 
Findlay      : 
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" that  children  living  in  top-fls.t  houses,  being 

probably  bLJ.iji)  taken  out  little,  were  more  prone  to 
the  disease  (rickets)  than  those  occupying  houses  on 
the  ground  level." 
32 
He   believes  that  confinement  and  deficient  fresh  air  maVe  the 

child  more  letharrric  and  that  perhaps  the  subsequent  deficient 

oxygenation  of  the  blood  helps  toward  the  production  of  the 

special  rachitic  metabolic  error.  And  in  his  conclusion,  he  says: 

"In  viev/  of  these  facts — the  effect  of  deficient 
exercise  on  the  calcium  retention,  the  influence 
of  confinement  in  the  production  of  human  and  ex- 
perimental rickets,  and  the  frequency  with  which  the 
disease  is  encountered  in  overcrowded  houses — I  con- 
sider it  not  unlikely  that  rickets  ^70uld  be  exceedingly 
prev8.1ent  in  those  parts  of  the  world  where  the  people 
are  confined  in  the  ba.dly  ventilated  houses  and.  v/here 
sunlight  was  absent  for  long  periods  of  the  year," 

According  to  him,  the  consumption  of  more  fats,  during  wintTfer, 
explains  the  absence  of  the  disease  in  the  northern  countries 
aroTind  the  arctic  region  (Iceland, Greenland, and  Alaska),  although 
the  people  are  confined  for  most  of  the  time  in  th°  badly  ven- 
tilated huts.   He  also  explains  the  bandy-legged  deformities  en- 
countered in  the  Esquimo^,  as  probably  due  to  the  lOA'mess  of 
their  houses,  the  heavy  boots  they  wear,  and  their  beinp:  crouched 
up  for  most  of  the  time  in  their  boats. 

The  significance  of  air  and  sunlight  may  not  be  well  ap- 
preciated v/ithout  takina  into  account  the  wor>s  of  older  writers. 

1 
Barlow  and  his  co-worker  says: 

"The  evidence  is  indeed  aoundant  as  regards  Doth 
animal  and  human  rickets,  that   impure  air, 
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"is  one  of  itsmost  fertile  causes,  and  we  think  that 
it  accounts  largely  for  the  geographical  distribu- 
tion of  the  disease. .. .Want  of  sunlight  is  also  a 
potent  factor  in  the  causation  of  the  disease." 
2 
Si]iiilarly,  Hirsch  and  ^reighton  remark: 

"A  good  deal  more  important  for  the  origin  of  rickets 
than  improper  food  is  the  effect  produced  upon 
the  o-^ganism  of  the  child  when  it  is  kept  continu- 
ously in  a  badly  ventilated  and  crowded  apartment, 
where  the  air  is  saturated  with  moisture  and  tainted 
with  products  of  organic  decomposition." 


The  rarity  or  absence  of  the  disease  in  tropical  and  sub-tropical 

countries,  where  the  people  enjoy  outdoor  life  with  plenty  of 

16 
fresh  air  and  sunlight,  may  strengthen  the  above  opinion.  Palm, 

after  an  exhaustive  and  painstaking  study  of  the  absence  of 

rickets  amongithe  natives  of  China,  India, Morocco  ,aad  Japan,  states 

that  sunlight  is  the  most  important  element  in  the  etiology  of 

the  disease.   From  a  critical  point  of  view,  he  says  that  it 

is  not  a  disease  of  poverty  ,  for^  Great  Britain  is  one  of  the 

wealthiest  nations  of  t?'e  world   and  yet  rickets  abounds,  while 

India  is  one  of  the  poorest  countries  in  the  world  and  yd  enjoys 

16 
a  practical  imi^^jnity  from  it.   Rickets,  according  to  him,   is  not 

due  to  deficient  sanitation  for  England  pays  inore  attention  to 

and  spends  more  raoue  money  for  sanitation  than  any  other  country, 

whiie  countries  neglectful  of  ordinary  hygienic  precautions, 

thouo-h  they  pay  the  penalty  in  other  v/ays ,  are  not  scourged 

by  the  disease,   f©  also  regards  rickets  as  not  due  to  fleficient 
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food  since,  the  wives  and  children  of  the  worlcint^  class  of 

England  are  'better  fed  than  the  teeming  population  of  China 

and  India  whose  staple  diet  consists  mostly  of  rice  and  veget- 

a.t)les.  Moreo\'-er,  the  English  tovm-bred  rickety  child  and  its 

mother  are,  as  a  rule, better  nourished  than  the  healthy  child 

16 
and  wife  of  the  farmer,  and  by  the  process  of  exclii.sion  he 

arrived  at  this  point: 

"...The  most  salient  fact  with  regard  to  the  climate 
of  these  countries  which  enjoy  irmrrunity  from  rickets 
is  the  abundant  sunshine  and  clear  skies.   On  the 
other  hand,  the  feature  of  our  British  climate,  which 
is  most  striking  to  anyone  vdio   has  lived  for  some 
years  in  the  East,  is  the  want  of  sunshine  and  the 
dull  grey  skies  or  frequent  fogs." 

The  lack  of  sunshine  in  the  narrow  alleys,  where  the  children 

of  the  poor  play,  may  explain  the  abundance  of  rachitic  victims. 

Moreover,  the  children  of  the  poor  may  be  more  liable  to  develop 

rickets  because  the  mothers  cannot  afford  to  send  them  to  the 

fresh  air  and  sunshine,  tljeir  time  being  taken  up  with  domestic 

V>f^rk^,    And,  in  comparing  the  morbid  processes  subsequent  to 

the  effect  of  excessive  or  deficient  light  on  the  functional 

activity  of  the  man  and  the  plant,  fe»  sayst 

"A  further   analogy  between  the  plant  and  animal 
may  be  found  in  the  fact  that  while  the  light  is  es- 
sential to  the  well-being  of  the  growing  organism, 
the  exclusion  of  light  is  the  condition  of  development 
of  the  same  organism  in  its  embryonic  stage.  "Oeficiency 
of  light  after  the  embryonic  stage  is  passed,  and  when 
nutrition  depends  upon  the  chemical  changes  which  are 
due  to  e:'q)0sure  to  light  and  air,  leads  in  the  plant 
not  only  to  general  malsutrution,  but  to  excessive 
grovrth  of  the  internodes  of  the  plant  and  deficient 
grov/th  of  leaves.   This  is  ,presi.unably,   a  partial 
continuance  of  the'  erabryogic  mode  of  growth  ander 
the  partial  continu.ance  of  the  embryonic 
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"condition,  darkness.    §imilarly,  if  the  animal 
at  a  stage  when  it  is  fitted  to  grow  and  thrive  in 
the  air  and  li.trht,  should  light  be  mere  or  less  ex- 
cluded, we   should  expect  ill  effects  to  follow  of 
the  nature  of  a  partial  return  to  an  embryonic  mode 
of  growth.   It  is  significant  and  sugji-estive  that 
the  strikin;T  point  in  the  morbid  appearance  of 
rickets  is  the  continued  growth  of  the  embryonic 
cartilage  instead  of  its  conversion  into  bone. 
It  sug>:r;9  3ts  the  query  whether  we  have  not  here 
the  homologiie  of  the  excessive  >a:rowth  of  the  inter- 
nodds  of  plants  when  "kept  in  comparative  darkness, 
and  whether  we  ought  not  to  regard  rickets  as  a  con- 
version to  an  embryonic  type  of  nutrition." 


The  abo^^e  quotation  sugg:ests  a  problem  w?iich  future 
research  is  expecte</to  elucidate.   It  resolves  to  some  phases 
of  the  effects  of  light  on  animal  nutrition,  a  field  vyhich,  to 
my  knowledge,  has  not  as  yet  ^oeen   fully  worked  out.   However,  there 
seems  to  be  a  considerable  evidence  that  air  and  sunlight  help 
in  the  causation  of  the  disease.  Certainly  they  seem  to  partly 
protect  the  lower  animals  from  acquiring  it  in  thei"  v/ild  state 
and  the  natives  in  their  own  tropical  homes.   But,  in  exactly 
what  manner  their  deficiency  induces  rickets,  remains  still  to  be 
shovm  experimentally  and  if  possible,  clinically.   As  a  whole, 
defective  hygiene  in  general  may  exert  an  influence  in  the  devel- 
opment, or  even  may  modify  the  course  of  the  disease  ,  biit,  to  say 
that  it  is  the  most  essential  or  primar:/  factor, we  do  not  feel  at 

present  provided  with  sufficient  evidences.   Furthermore,  in  some 

8 
instances,  its  effects  appear  to  be  incon^.tant. 
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6.      Infection   and  Relation   to   Other  Diseases. 

The    infectious   causation  of   the  disease    (rickets)    is 
49  50 

also  a   debatable  point.   Moussu        and  Koch     advocate    rickets   to 

51 
be    of    the     nature   of    infection   and  Morpurgo      claim  to   have   pro- 
duce!     true       rickets    in  whit=;   rats  by  bacterial    inoculation. 
Thatheory   of    infection  as   the   cause   of   rickets    is   not   as   yet 
proved  to   warrant    a   definite   stateraent.      Moreover,    rachitic   and 

non-rachitic    children  may  be   housed  together  without    the    latter 

S2 

running  the  danger  of  contracting  the  disease. 

?/hile  we  cannot  say  that  microbic  infection  di:-ectly 

causes  the  ^evelopmetit  of  rickets,  still  other  infectious  diseases 

52 
■-^ay  predispose  or  activate  the  morbid  process.   Lee  ,  who  made 

an  investigation  among  three  thousand  cases,  layp  stress,  as  the 
precedent  cause,  on  some  for-n  of  pulmonary  distu'^oa,nces  as  bronchit; 
broncho-- pneumonia  and  other  lung  affections.   Fe  considers  that 
the  imperfect  or  insufficient  expansion  of  the  lungs  is  the  deter- 
minant of  intercostal  retrocessioa.  This  opinion,  however,  can 
ha.rdly  bahade  tenable,  since  it  is  equally  plausible  that  the 

pulmonary  inanifestations  may  be  secondary  to  the  effects  of  the 

3 
thoracic  defonity  .   Of  course,  it  is  not  imp-obable  that  acute 

infectio^is  processes  during  o^^  precedin;"  the  onset  of  rickets, 

may  a-gravate  the  possible  pre-existing  ricketif.  but  certainly 

they  do  not  directly  cause  the  development  of  the  lesions.   On  the 

1 
other  hand,  chronic  morbid  processes  as  tuoerculosis ,  or  marasmus. 
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may   not   render   the   child  rulnerable   to    the   ravages   of   ^^icVets.    ■ 

This    is   further    sho.vn  by   ^-axter        who   maintains   that    a  maras;iiatic 

child  fpo.i    Ttn.rv!:^  t  ioii  by  the   protracted   consumption  of    starch, 

may  die   of    inanition,    but   the  post   mortem  finiinprs   do   not    indicate 

44 
traces   of   rachitic    lesions.      Furthermore,    as   shown  by  him,      it    is 

possible    that  an   infant   suffering  from  prolonged   ill  health  may 
be   severely  affe:;ted   with  syphilis  but   yet  may   escape   rickets. 

This   brings   us   down  to   the    consider-  tion   of  the  re- 
lation of   rickets   and   syphilis.      There   has    oeen  a   considerable 
dispute  as   to   whether   or   not    the  two    conditions    are   one   and  the 

same,    and  as   to   whether   or   not   one  predisposes   thejdte^elopment   of 

-  53  ' 

the    other.      Pa/rrott*s     denial    ..f   the   existence   of   rickets  as  a 

separate   disease   and  his   arguments   that  the    condition    is   but  a 
phase   of   congenital  sj^philis,    have   aroused  a   considerable   antag- 
onism amonf^  the  }tb  dical  minds.      Without   going   into   a   long  discus- 
sion  to    show  the  views   to   the  contraty,    it    is    commonly  admitted 
that   the   two   processes  are   not   clinically  and  pathologically 
identical.      That    they  may   exist    in  the    same    individual,    has  been 
however,    regarded  possible.      In   this    connection, it    is   noteworthy 

that    craniotabes,    which  as  has   been   said  before,    ma.y  be   seen    in 

11 
rickets,    is,    according  to  Lee  and  Barlow    , chiefly  caused  by 

11 
sjrphilis.      They        entertain  the   view  that   a    syphilitic    child  may 


toe  as  lia.ble  to  the  injuries  from  a  faulty  diet  as  a  norraal  child. 
In  other  words,  it  is  not  impossible  that  rachitic  changes  may 
develop  in  a  syphilitic  infant;  and  if  so,  theexistence  of  cranio- 
tabes  in  syphilis  as  well  as  in  --ickets,  may  be  partly  explained. 
But  Mrhether  or  not,  the  craniota.betic  patches  are,  in  the  two 
diseases  ,  histologically  identical  ,re'na  ins  to  be  shov/n.   Fovvever  , 
it  .^nust  not  be  construed  that  syphilis  causes  rickets;  but  that 
it  may  predidpose  or  modify  the  rachitic  manifestations,  su.pports 
do  not  seem  to  be  lacking. 
7.   Altered  Function  of  Internal  Secretion . 

The  disturbance  of  some  of  the  endocrine  glands  has 

been  regarded  by  some  as  tesponsible  for  the  developme-it  of  rickets. 

54     -5  5  56  57 

Thus,  ¥atti,    Basch  ,  Klose  and  Vogt  ,  Stoel^ner  ,  and  more 

58 
recently  Garrod   claim  that  the  absence,  extirpation,  or  pos- 
sibly the  affection  of  the  thymus  gland  W^y-   produce  rickets. 

It  may  be  interesting  to  note,  in  this  con-iection,  that,  in  his 

34 
investigation  on  the  thymus  glandjbf  children,  IXidgeon  found,  in 

every  case  of  lymphatic  hyperplasia  on  the  post-mortem  table, 

well-marked  ahanges  in  the  bones  resembling  rickets.   The  results 

of  experiments  along  this  aspect  of  the  subject  have  been  rather 

32 
inconstant  but  it  is  impossible  to  disp->"ove  that  there  is  no  such 

altered  function  in  the  (xland  considering  its  important  role  in  the 

general  metabolism  .   But  whether  such  alterations  are  primary  or 

secondary  to  the  disease-process, it  is  not  yet  known.  Much  is 
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still   expected   iri   the   study  of  the  physiology  and  pathology  of 
the   or-Tanspf    internal   secretion  to   elucidate   some   of   the  obscure 
problems   connected  -.vith  nutrition.      However,    it  may  not   seem  dan- 
gerous to   state   that   a  hypothetical  abnormality   involving  the 

ductless  glands    is   not   antagonistic   to   the  dietetic   explanation 

37 
of   the   disorder    in   ouestion. 


(iText   Sheet) 
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3.  Determining  Factor 

Errors   In  "Oiet . 
We  have  thus  far  discussed  the  factors  that  may  predispose 
or  contribute  to  the  development  of  rickets.   '7e  pointed  out  that 
none  of  them  seem  to  be  the  sole  responsible  agent  in  bringing 
the  disease  into  existence,   fhere  rer'-ains  for  us  to  consider 
one  mere  condition  v/hich  may  perhaps  deter^-ine  the  onset  of  the 
morbid  process and  that  is,  the  "Errors  in  Diet". 

1.   The  Fachitic  Food  and  the  Antl-Rachitic  Factor. 

|n  the  earlier  v/ritings,  we   find  that  opinions  were 

divided  as  to  whether  or  not  "dietetic  error  "   Is  primary  or 

secondary  factor  in  the  set  ting- in  of  the  rachitic  lesion.   It 

16  2 

should  be  recalled  that  Palm   ,Hirsch  and  Greighton,  rep-ard  the 

lack  0*"  sunlight,  the  faulty  ventilation,  and  the  other  defects 
of  physical  and  hygienic  conditions  as  more   essential  than  improper 
food.  On   the  other  ha:id,  metabolic  error  has  been  resnrded  by 
many  as  first  in  the  list,  which  in  conjunction  with  the  effects 
of  defective  hygienic  conditions  ,  may,  in  large  measure,  deter- 
mine the  disease.   3ut  v/heth'^r  or  not  this  nutritional  disorder 
■'.T'as  due  to  imijroper  food  or  defective  assimila.t ion,  the  older  in- 
vestigators were  not  able  to  say. 

Although  rickets  m8,y  be  considered  as  essentially  a 
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disease  cf  nutritional  deficiency  still  we  are  by  no  means  Justi- 
fied in  ren:arding  that  the  same  foods,  the  consi-unption  of  which  may 
lead  to  general  metabolic  disorder,  are  producti-ve  of  the  rick- 
ety condition.   In  other  words,  while  the  disease  may  in  the  pro- 
tracted state,  show  signs  of  em-aciation,  still  a  marasmatic 
condition,  due  to  starvation,  as  ha.s  been  remarked  above,  may  not 
welcome  the  coming-in  of  rickets.  Moreover,  it  is  not  an  except- 
ional experience  that  rachitic  changes  may  develop  in  a  healthy 
child  of  a  well-to-do  ffonily  and  may  go  on  in  its  process  of  devel- 
opment in  a  fat,  apparently  w ell-nourished  infant.    Therefore, 
it  may  be  inferred  that  the  rachitic  process  is  a  special  nutri- 
tional disorder  produced  by  one  type  of  food  in  the  same  sense 
that  scurvy  is  initiated  by  the  scorbutic  diet. 

If  v/e  admit  that  the  rachitic  diet  is  mainly  responsible 
for  the  disease,  tw  things  at  least  are  implied:   (l)  5y  not 
giving  it  to  a  normal  grov/ing  infant,  rickets  will  not  develop; 
(2)  By  removing  it  from  a  rachitic  child,  the  rachitic  process 
is  arrested  or  improved.   Oan  we  conceive  of  an  abnormal  nutri- 
tional process  caused  by  a  diet  othervT-ise  abnormal  ?   if  not, 
then  v/e  are  adjnitting  that  the  normal  balanced  diet  must  necessar- 
ily satisfy  the  two  points  mentioned  above.   Such  being  the 
case,  and  if  we  assume  that 

a  =  the  normal  diet 
b  -   the  rachitic  diet. 
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what   would  toe   the   result    if  b    is    subtracted   froai  a?   For   the 
lack  of   a  better  word,    the   remainder    is  the    so-called  anti-rachitic 
factor.      Hc^,    the   question    is    :    What   constitutes   a  rachitic    diet 
and  what    is   the  nature   of   the  anti-rachitic   factor?      It  m^    be 
possible    that  by   a  knowledge   of   the   components   of  the   rachitic 
diet,    the   nature   of   the   anti-rachitic   factor  may  become   apparently 
obvious,    a.nd  vice   versa.      This  may  be    so    if   we    consider   the  anti- 
rachitic  factor   as   a   tangible   substance;    but,    it   may  be    an   ele- 
ment,   the   presence    of   which,    of   course,    may  be   assumed  to   be   di- 
rectly  or    indirectly    concerned  with  the  proper  nutrition  and 
physiological   stability  of  the    cells  and  tissues   that  are 
characteristically   involved    in   the  disease.        This   relation  of 
the   anti-rachitic   factor   with  the  body  nutrition   will  be    considered 
in  more    detail  later. 

1.   a.      Milk. 

The  rachitic  food,  then,  is  one  destitute  of  the  anti- 
rachitic factor.   is  milk  a  rachitic  diet? 

Quite  a  number  of  investigators  assert  that  premature 

v/eaning  causes  the  djevelopment  of  rickets.   The  lorevalence  of 

45 
the  disease  among  the  negro   babies  as  observed  by  0 'Donovan 

in  the  Black  IMstrict  of  Baltimore,  has  b^en  regarded  by  him  as  due 

to  improper  feeding  and  early  removal  from  the  matennal  milk  supply. 

On   the  other  hand,  cases  of  rickets  have  De en  observed  to  develop 
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after  prolonged  suckling.    But,  it  seecis  to  be  a  comrion  finding 

that  a  breast-fed  infant  is  less  liable  to  be  affected  by  rickets 
under  similar  conditions  than  a  bottle-fed  baby,  although  oreast 
milk  can  not  assure  of  protection  nor  cure  the  disease  once  develop- 
ed.  The  nutritional  value  of  human  milk  may  oe  further  shown 

25 
that  in  some  cases  it  may  modify  the  course  of  the  disease. 

On  the  other  haiid,  severe  for^s  of  rickets  may  develop  in  a  breast- 
fed child  if  the  nursing  mother  cannot  give  an  adecpate  supply 

of  the  particular  substances  concerned  with  proper  nutritic-n. 

37 
It  is  said   that  she  obtains  from  the  milk  she  drinks  and  from 

the  eggs,  butter,  green  vegetables  and  other  food  stuffs  that 
she  eats,  these  accessory  food  factors,  which  "are  passed  on  to 
her  mammary  glands,  thereby  allowing  the  breast-fed  child  to  get 
an  adequate  supply".  It  may  be  deduced  therefrom,  that  unless  other- 
wise proved  abnormal,  wet  nursing  should  not  be  denied  in  prefer- 
ence to  bottle-feeding.  In  other  v/ords,  premature  weaning  may  prove 
harmful  to  the  metabolism  of  the  infant,  unless  the  food  substituted 

is  not  devoid  of  the  dieta,ry"es;>entials .  " 

1 
The  cow's  milk  has  been  regarded  as  productive  of  rickets. 

It  is  undoubtedly  inferior  in  quality  to  the  normal  human  milk  as 

far  as  the  food  essentials  are  concerned  since  the  cow  derives 

them  solely  from  the  green  leaves  of  grass  and  plants.   This  may 

probably  explain  why  rickets  am.ong  children  brought  up  on  cow's 

milk  developes  more  commonly  in  winter  when  the  cows  are  no  longer 

9 
grazing  on  the  green  p astir  e  lands.   Similarly,  Osier  says  that  the 

disease  is  comm^on  in  children  fed  on  condensed  milk  and  other 
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25 
various  proprietary  foods,  while  Howard  cites  a  case  of  a  rapidly 

developinx  rickets  in  a  child  of  ten  months  old,  born  from  healthy 

parents,  without  liere'^itary  tendencies,  but  fed  partly  on  Swiss 

milk  and  partly  on  a  patent  farinaceous  food. 

Then,  the  next  question,  where  is  the  fault  of  the 

precfeding  diets?   Is  it  in  the  disproportion  of  the  starch, mineral, 

protein  and  fat  contents? 

1.  b.  Starch. 

The  over  consumption  of  starchy  food  has  be  en  considered 
harmful  to  the  proper  nutrition  of  the  growing  organism  and  res- 
ponsible for  the  development  of  the  rachitic  process. Barlow  and 

1 
his  co-worker  expressed  the  idea  that  potatoes  and  other  starchy 

foods  adjninistered  p'-^ematurely  to  poor  infa,nts,  tend  to  produce 

irritating?  dyspepsia,  and  so  indirectly  to  inal-nutriticn  and  ir- 

26 
regular  bone  development. Siniilerly,  Holt   says  that  t?ie  expess 

of  carbo-hydrate  intake  and  the  deficiency  in  fat  content  may 

lead  to  the  development  of  tls  disease.   It  is  possible  thiat  the 

consumption  of  exclusively  starch  dietary  may  produce  a  state  of 

general  ms.l-nutriticn  but  not  necessarily  rickets.   It  should  be 

44 
recalled,  what  Baxter   remarked,  that  an  infant  fed  on  starch 

alone  may  die  of  starvation  but  the  lesions  are  those  of  inanition 
and  not  of  rickets.   However,  he  gives  no  objection  if  it  is  con- 
ceived that  starch  may  operate  indirectly  by  interfering  in  some 
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way  with  the  assimilaticn  cf  fatty  matter. 

The  supporting  pillar,  which  the  advocates  of  the"starch 
theory"  of  the  causation  of  the  disease  hold,  is  founded  on  the  pre- 
sumption that  the  improp^-r  use  of  such  a  diet  leads  to  feastro-in- 
testinal  disturbances.   It  should  "oe  recalled  that  syraptoms  of 
gastro- intestinal  catarrh  may  precede  the  appearance  of  rachitic 
lesions.   On  the  other  hand,  Findlay,   shows  statistically  that 
the  symptoms  of  gastro- intestinal  disorder  before  the  onset  of 
the  disease  are  not  soundly  justified,  and  asserts  that  diarrhcieal 
ma.nifestations  in  some  cases  are  due  to  the  stfte  of  malnutrition 
which  is  a  frequent  sequel  of  the  disease. 

Again,  it  may  be  assumed  that,  subsequent  to  the  imper- 
fect and  fermentative  digestion  of  the  starch,  lactic  acid  is  ab- 
sorbed into  the  blood  which  seems  to  exert  an  irritating  action  on 
the  osteoplastic  tissue  ,  and  set  up  the  morbid  changes  similar  to 
those  of  rickets.   But  Gheadle  says  ths.t  the  formation  of  lactic 
acid  has  not  been  confirmed  and  thati-'ic  kets  may  develop  without  ap- 


parent gastro- int est inal  disorder  to  f avoriactic  acid  fermentation 

^  7 

in  children  v7ho  dvgest   starchy  foods  thoroughly.   Moreover,  he 

observed  that  rachitic  individuals  became  v/e  11  while  on  farinace- 
ous diet,  by  the  addition  cf  some  other  food  constituents.   And  agai; 
lean  meat,  which  is  not  productive  of  lactic  acid,  may  cause 
rickets  when  given  exclusively  to  animals. 

The"toxic  theory"  of  the  causation  cf  the  disease  is  of- 
59 
fered  by  ?Tarfs>n  who  maintains   that  rickets  is  due  to  auto-intox- 
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ication  from  the  gastro- intestinal  tract. It  rae.y  be  of  interest 

24 
to  recall  that,  according  to  ^aco'oi,   the  "rachitic  constipation" 

precedia<?  the  development  of  rickets  favors  the  absorption  of  toxia 

34 
from  the  fecal  liquids.   And  Budgeon  ,  among  the  other  causes  which 

he  mentions,  offers  the  possibility  of  the  absorption  of  toxin 

from  the  intestinal  canal.   As  a  whole,  there  are  no  sufficient 

evidences  on  this  aspect  of  the  subject  to  war-^-ant  a  conclusive 

statement.   However,  it  may  mean  a  great  deal  of  value  if  some 

works  are  to  be  done  with  regard  to  the  possible  toxic  causation 

of  the  disease. 

I.e.  ?Jineral  Content  (Calcium) . 

As  it  is  known  that  one  of  the  characteristic  lesions  of 
the  rachitic  Oone  is  the  diminished  content  of  calcium,  it  may 
seem  at  first  probable  to  assume  that  rickets  may  be  produced 
by  the  lack  of  calcium  salts  in  the  diet.   If  that  be  so,  hov/ 
would  one  accoi:nt  for  the  development  cf  rickets  in  limestone 
districts  where  there  is  invariably  an  abundant  supply  of  calcium 
salt  by  the  use  of  the  lime  water  in  thei^  food?  I<ikev;ise  cow's 
milk  is  richer  in  calcium  salts  than  human  milk,  and  yet  the  former 
is  more  provocntive  to  rickety  development.    And  although  ex- 
periaentplly ,  bone  changes  may  be  produced  by  the  persistent  ad- 
ministration of  diet  poor  in  calcium,  still  the  histological  ex- 

26 
amination  sliov/s  that  they  are  not  true  rickets  bvit  an  osteoporosis 
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Moreover,   the   therapeutic   adninistration   of    calciurn   r^alts   to 

rachitic   patients    does   not    lead  to   a   cure;    on  the   other  hand, 

a   spontaneous    imiirovement  may   ap"oear  without   treat:'nent   s.nd  •.vithou.t 

1 
alter=.tion   in   the  food. 

l.d.   Protein  and  Fat. 

La.stly,    we   co/ae   to   a   consideration   of    vYhether   or   not 

a  disproTDortion  of   the  protein   and  fat   content   of   the  food  plays 

7 
a  part   in  the  formation  of   the  rachitic   diet.      Oheadle   see  is   to 

answe:^   this    ciuestion  by  asserting  that   a   diet    in  order   to   be 

rachitic,   uttst  have   a   decidedly   insufficient    supply  of   animal   fat, 

vyith  nore   or   less   deficient   a:iiount   of   calcium  phosphate,    and  prob- 

7 
ably   an    alteration    in   the   protein   content.      He  points   out    that   fat 

is  probably  .essential   to    all    cell-life    and  grovrth,    li'ae   phosphate 
to    every   tissue      especially   to    the  bones,   and  protein   to   the 
vitality  of   the  protoplasm   .      He   argues   that    if   Irhe  protein   is    in 
eascess      and  the  other   elements   deficient,   the   progress   of   rickets 
may  fee    intensified  by  the   stimulatioa   of   the  process   of  tissue 
development,   which,    in   the   deficiency  of   the   other  materials,    is 
apparentl;/'   deviated   in    its   normal   direction(in   the   building   of   per- 
manent  structures.)    On   the   other  hand,    if   the   protein   content    is 
deficient,   the   coi^respondin;-;   insufficient   supply   of  animal  fat 
and   calcium  phosphate   may  determine    the   onset    of   the  disease,    and 
ra3,y    explain  for   the    lesions    in   the  bones,    the   feebleness   of   the 
muscles,    th^   nervous  manifestations,    the  weakened   const it'itional 
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52 
vitality,  etc.   Findlay,     however,  entertains  the  idea  that  de- 
ficiency of  fat  in  the  diet  is  unlikely  the  cause  of  the  disease, 
and  cites  instances  in  v/hich  a  ohild  developed  rickets  while  on  a 
diet  rich  in  fat.   However,  his  evidences  do  not  seem  to  be  con- 
clusive, and  the  case  in  question  might  have  oeen    incidental;  dn 
other  v7ords,  some  other  process  or  factors  might  have  "ce  en   at  work 
or  that  the  fats  used  might  have  been  drained  from  the  digestive 
tract  due  to  soiae  possible  diarrntfea,  before  they  were  di,":ested 
and  utili?5ed  by  the  tissues.. 

The  type  of  diet,  such  aspheadle  describes,  poor  espec- 
ially in  its  fat  content  may  account  partly,  if  not  chiefly,  for 
the  development  of  the  bone  deformities  diagnosed  as  rachitic  among 
the  youn'<  animals  in  the  zoological  gardens.   It  should  be  recalled 

that  by  resuming  the  milk  or  by  adding  cod  liver  oil  in  the  diet, 

35 
Bland-Sutton   experienced  that  the  defO'^mities  were  not  only 

prevented  and  arrested  in  their  development,  but  also  imp->^oved 

so  that  the  young  animals  could  grov7  strong  and  apparently  healthy 

up  to  their  full  si?;e.  It  may  be  deducer^,  therefore,  that  there  is 

somethig  in  the  cod  liver  oil  and  milk  which  supply  vhat  was  lack- 

inp-  in  the  former  diet  of  the  animals;  and  that  this  is  the  still- 

unknoivn  "food-accessory"  ant i-rachitic  factor. 
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2.  Specific  Causation  and  Pathogenesis . 

Few,  it  remains  for  us  to  consider  the  specific 
causation  and  incidentally  the  possible  pathofrenesis  of  the  dis- 
ease.  We  know  that  rickets  is  characterized  mainly  by  the  defect 
in  the  ossification  of  the  bones  ,  and  that  the  process  of  ossi- 
fication is  apparently  in  relation  to  th--  calcium  metabolism. 
Therefore,  it  imy  be  Implied  that  the  explanation  of  the  rachitic 
process  does  not  seem  to  be  very  far  from  this  point. 

2. a.  Calcium  LTetabolism. 

It  has  been  fairly  established  under  the  Qhemistry 

proporifon  of 

of  the  Bones,  that  the. calcium  content  of  the  rachitic  bone  is 

A 

far  less  than  that  of  the  normal.   And  v/e  have  also  shown 
above  in  the  discussion  of  what  constitutes  a  rachitic  diet 
that,  a  deficiency  in  the  calcium  content  of  the  food  alone 
does  not  lead  to  the  development  of  the  disease  ;  on  the  other 
ha«d  rickets  has  been  found  to  occvir  in  the  abundance  of  calcium 
supply  and  phosphoric  acid   and  that  cases  of  spontaneous  recov- 
ery have  bs  en  recorded  without  any  change  in  t/ie  diet  intake  and 

1 
without  tlaerapeutic  assistance  ;   and  that  even  if  associated  with 

insufficient  calciuiA  supoly,  the  cu^^e  of  the  disease  by  the  ad- 
ministration ofthe  salt  is  not  always  assured.   Morecover , although 
a  rachitic-like  condition  of  the  bones  may  be  produced  experimental- 
ly still,  it  was  found  that  histologically  there  we^e  no  osteoid 
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tissue   and  that  the  cha.nges  were  osteoporosis  rather  than  true 

20 
rickets   where,  unlike  hun^3/P^  rickets ,   the  soft  tissues  share  in 

the  calcium  deficiency,  and  the  lesions  disappear  by  calcium  ad- 
ministration,  ITow  then,  v;here  does  the  fault  lie*?  Is  it  in  the 
form  of  decalcification  of  the  bones  already-formed  ;  or,   if  the 
calcium  supply  is  abundant,  is  the  fault  in  the  rapid  elimination 
of  the  salt  from  the  intestinal  tract  without  first  being  aosorbed 
into  the  blood  stream,  or  is  it  in  t:^-e  defective  fixation  of  the 
calcium  by  the  gro^'Ting  bone  tissue? 

The  idea  of  the  decalcification  of  a  fully  formed  bone 
in  Thickets  has  not  oe^n    lacking  advocates.   The  former  supporters 
of  the  acid  theory  in  the  causation  of  the  disease  have  conceived 
tne  existence  of  lactic  acid  in  the  circulation  suosequent  to 

the  fermentative  digestion,  which  dissolves  the  lime  and  prevents 

60 
it  from  bein.y  deposited  in  the  bone.   Heitzmann   ,  who  claims 

that  rickets  can  be  produced  by  the  persistent  inhalation  of  phos- 
phorus or  lactic  acid  or  by  subcutaneous  administration  of  the 
latter  to  an  experimental  animal,  believes  that  the  acid  th''^    form- 
ed and  existing  in  the  circulating-  blood  irritates  the  osteo- 
plastic tissue  leading  to  perverted  growth. However ,  even  if  we 
assume  that  there  iia.y  be  an  irritatinj  substance  in  the  blood, such 
can  hardly  be  regarded  in  the  aature  of  lactic  acid  since,  as  has 
been  above  stated,  rickets  may  develop  in  children  without  history 
of  gastro- intestinal  disturbances  to  account  for  the  formation  of 
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lactic  acid,  since  rachitic  manifestations  may  'Usappear  even 

when  the  starchy  foods  are  continued,  and  sino--  rickets  r.oay  devel- 

op«.by  the  use  of  lean  meat  alone  which  does  not  yield  an  apn-^e- 

7  20     '  ■ 

ciable  amount  of  lactic  acid.   Oheadle  ,  Stoelzner   ,  and 

others  assert  that  lactic  acid  has  not  ^et  oeen   demonstrated  to 

accumulate  in  exdess  in  the   achitic  olood,  nor  has  it  o -en  found 

7 
in  the  urine  of  a  rachitic  individual.  Moreover,  diaoetes  does 

not  seem  to  predispose  the  development  of  rickets  and  tnat  the 

administration  of  sodium-bicarbonate  is  not  clinically  proved 

of  therapeutic  val^ie  In  the^disease. 

Kov/ever,  although  lactic  acid  is  not  proved  to  exist 

in  the  rickety  infant,  still  we  are  not  fully  justified  in  assum- 

in^^  that  there  are  no  irritating  substance  or  substances  in  the 

1 
circulation.   Barlo/^  and  ^ary  claim  that  the  irritating:  substance 

is  derived  from,  amonf:  other  sources,  the  "altered  nutrient  juices", 

which  exerts  its  action  on  the  delicate  ossifyin^-^  tissues.   The 

7  27 

hypothesis  is  supported  by  Cheadle  and  Jp.cobi  who  maintain  that 

the  excess  of  the  irritating  agent  is  responsible  for  the  increased 

vascularity  of  the  bone-forming  tissues,  and  the  proliferation  of 

the  cells  in  the  grcvint-  portion  of  the  bone.   This  phenomenon 

61 
sugi^ests  a  chronic  inf iar^imatory  process  which  Kassov/itz   rep'ards 

61 
as  the  beginning  of  the  disease.  He   induced  hyperaemia  by  the 

applicption  of  Esmarch's  bandage  on  the  limb  of  a  growing  animal 

and  showed  tmt  the  increased  blood  flow  had  not  only  prevented 
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the   deposition   of   Iriie        but   also    caused  the  melting  away  of   the 
fully-formed  bone.      But  v/hile,   by   this  process,    a    ricket-like 
condition  may  be    observed   in   the   bones,    still   we   are,   by  no   means, 
warranted    in  assertin.'x   that   the   other   tissues   are   likewise   affected 
and   present   changes   such  as   are   found   in   the   rachitic    subject. 
Furthermore,    it  may    be  presumed  that   the    increased  va.sculariza- 

tion   and  the    subsequent    enlarKement   of   the  blood  vessels    cause, 

7 
according   to   Cheadle^a  pressure  upon  the    septa  between   the  medul- 
lary  spaces   leading   to    a  partial      aosorpticn  of   the   old  bone 

and   subsequently  a   deficient   ossification  of   the  new  bone. 

7 
And  he  believes   that   this   accounts   for  the   brittleness  and   softness 

of   the   rachitic   bones.      Hov/ever,    one   would  not   feel   s^^tisfied 

if   the  pathogenesis   of   the    calcium  deficiency  of   the   rachitic 

bone    is   only   explained  by  the   efcsion  of   the  bone   due    to   pressure 

of   the   proliferating;  blocd  vessels  unless   the    rachitic    osseous 

clianges    can  be  made   comparable    to   those  produced  by  aneurisms 

and   other   vascular   alterations  pressing  upon  the  bone.      Moreover, 

1 
while    Barlow  end.   Bury    im^plicitly   entertain  the   view  that      it    is 

not   yet   deternined   what   place   rickets   holds    in  the  many   connecting 

anatomical  links  between  a  simple   hyper-plasia  and  an    inflammation 

still   they  frankly  express    : 

"The  plain  and  practical  outcome   of  a    study  of 
these   changes    is,    surely,    that  we  iiave   to   deal 
with  an   irritative  overgrowth  of  the   osteot<enic 
tissue,   and   that    this   and  not   the   deprivation  of 
lime, is   the  primary  fact    in   the  disease." 
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Some  aspects  o^   the  decalcif icaticn  process,  therefore, 
are  still  debatable.   If  it  maybe  demonstrated  that  there  is 
an  excess  of  calcium  output  over  the  intake,  the  presumption  is 
that  so"ie  of  the  excreteH  calcium  night  have  b  «en  partly  abstracted 
from  the  tissues.   ?ut ,  whether  cr  not,  this  is  exclusively  ex- 
tracted from  the  already  formed  bones  or  from  other  sources,  is 
still  a  subject  v^aitin;^  for  farther  investigation.   However, 

it  may  be  of  interest  to  note,  in  this  connection,  that  according 

20 
to  Stoelzner   the  soft  tissues  of  rachitic  children  contain  no 

less  calcium  than  normal. 

How,  we  are  in  the  second,  part  of  the  former  question, 
na"tely:  If  the  calcium  supply  is  abundant,  is  the  faulty  ossifica- 
tion due  to  the  rapid  elimination  of  the  salt  before  it  is  ab- 
sorbed into  the  blood  or  to  the  defective  capacity  of  the  osteo- 
genic cells  to  utili?;e  it? 

While  admitting  that  in  rickets,  there  m^y  be  a  diar- 
rhoea which  drains  the  calcium  supply  as  soon  as  it  is  ingested, 
yet  the  assumption  that,  in  the  absence  of  gastro-intestinal 

trouble,  the  retention  of  calcium  salts  is  not  diminished  in  the 

3 
rachitic  infant  seeris  to  be  unwarranted.   Findlay  ,  from  the 

statistical  d^.ta  that  he  quoted  from  various  authors,  seems  to 

point  out  that  the  calciujn  retention  in  rickets  is  below  that 

of  the  normal,  and  in  some  insta,nces,  the  output  may  even  be  m.ore 

3 
than  the  intake.   He  also  regards  age,  exercise,  and  diet  as  im- 


104 

pcrtant  factors  that  may  influence  the  retention. 

The  role  of  fat  in  the  calcium  retention  is  tit  ill  con- 
troversial. Ho^vever,  it  is  said  that,  while  other  fats  may  cause 
a  fall  in  the  amount  of  calciiun  retained,  still  cod  liver  oil 
and  Sesame  oil  were  found  to  apparently  increase  the  retention. 
The  therapeutic  value  of  the  eod.   liver  oil  as  has  already  been 

discussed,  may  be  therefore,  justified,  ©rs  the  other  hand, 

62 
Vierordt   believes  that  the  lime  absorption  during  the  development 

of  rickets  is  as  gfod  as  in  normal.   Moreover,  in  the  studies  of 

Findlay  ,  the  variations  of  the  output  were  i?reat  in  periods  of 

a  fev;  days  that  he  deems  necessary  to  repeat  the  investigation 

after  establishing  a  calcium  equilibrium,  Defore  anything  definite 

can  be  made  with  regard  to  the  retention  of  calcium  salts. 

The  retention  question,  however,  would  be  of  little  '::o- 

ment,  if  we  disregard  that  the  excreted  calcium  through  tl^e  feces 

04,%*  7 
(and  not  through  the  urine     )may  be  partly  from  the  uniitilized 

salt  due  to  the  defective  power  of  the  bone-forming  tissue  to  fix 

it.   m  other  v/ords,  a  certain  stage  of  the  morbid  process,  will 

be  reached  when  the  decalcified  :^emains  of  the  ne -.■,'■- formed  bone, 

even  with  an  aburidant  supply  of  calcium  brought  to  the  cells, are 

no  longer  capable  of  abr5orbing  it.     This  explains  the  persistence 

of  the  disease  when  calcium  alone  is  given  therapeutically. 

The  failure  of  the  epiphyseal  cartilage  to  fix  the 

63 
calcium  see^^s  to  be  an  interesting  question.   Wells   introduced 

epiphyseal, 
into  the  peritoneal  cavity  of  a  rabbit  costal^and  tracheal  car- 
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63 
tila^es  .   He   observed  that  all  the  tissues  absorbed  calcium 

but  the  epiphyseal  cartilage  absorbed  only  as  much  as  if  it  had 

developed  into  bone.   Kcv/ever  ,  v/hether  or  not  normal  and  rachitic 

cartilages  exhibit  different  fixing  power  to  calcium,  is  still  a 

problem. 

On  the  whole,  the  metabolism  of  calcium  is  not  yet 

clesrly  understood.   There  are  many  open/^eries\and  uns-^^t  isf  ie  d^  . 

The  role  of  the  organs  of  internal  secretion,  which  seems  to  be  of 

consicierable  importance  in  this  aspect,  has  not  yet  been  much 

32 
dwelt  liptn.    However,  in  this  connection,  Findlay,  states  that 

calcium  metabolism  in  rickets  rind    thymusectomy ,  exhibits  ce'^'tain 
differences.   Thus,  while  in  rickets   the  cldef  routcof  the  excre- 
tion of  the  lime  is  by  way  of  the  feces,  in  thymusectomy  the  cal- 
cium is  ms.  inly  excreted,  just  as  in  starvation  and  diabetes,  by 
the  urine.   The  analysis  of  the  blood  and  of  the  soft  tissiass,  as 
far  as  the  calcium  content  is  concerned,  presents  so  wide  a  varia- 
tion both  in  rachitic  and  non-rachitic  individuals,  that  further 
reliable  data  seer-.s  to  be  indispensable  before  anyone  feels  safe 
in  emitting-  a  sound  judgment.   This  is,  of  course,  of  consider- 
able importance  in  order  to  answef  the  question  :  Where  does  the 
organism  derive  its  calcium  supply  in  the  building  up  of  bones 
if  the  intake  is  insufficient? 

The  study  of  the  influence  of  other  dietaries  such  as 
starch,  protein,  etc.,  besices  fat  in  varyinff  proportion,  has 
been  apparebtly  neglected,  for  no  a.vailable  information  is  ob- 
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tainable  .   However,  the  effect  cf  cetta  in"acces80rjr  factors" 
in  the  deposition  of  lime  has.  created  recently  a  considerable  in- 
terest which,  in  the  belief  cf  modern  investigators,  seeris  to  be 
pointing  to  a  narro'ver  field  for  the  searck  of  the  specific- 
causation  cf  the  disease,   fn  other  words,  the  so-called''anti- 
rachitic  factor"  is  presumed  to  be  one  type  of  food  accessory 
essential  found  in  the  cod  liver  oil, in  animal  fat,  and  in 
various  other  sources;  the  absence  of  which  is  regarded  to  be 
mainly  responsible  for  the  rachitic  pi'-ocess,  and  the  influence 
of  which,  on  the  p-^oper  calcification  of  the  grov/in,'?  bone,  may, 
by  way  of  aniroa.l  experimentation,  be  observed  even  rOTJghly 
quantitatively  to  be  compara.ble  to  the  lesions  at  the  co^^respond- 
ing  stage  of  the  disease  in  man. 

2.  b.  Animal  E.xperiment8.tion« 

Out   discussion  has  brought  us  to  a  consideration  of 

fiB    possible  specific  agent  that  leads  to  the  development  cf  the 

disorder.   We  now  come  to  admit  that  there  is  such  a  thing  as 

a "rachitic  diet  "  and  an  "anti-rachit ic  facto-"  .  Wq   also  showed 

that  the  lesions  are  not  caused  directly  by  digestive  disturbance; 

due  to  improper  and  untimely  ingestion  cf  starcliy  foods  alone, 

nor  by  the  lack  of  calcium  salts  in  the  diet,  althoug>i  ,h.ovireve^ , 

7 
Cheadle  indicated  th^.t  the  lack  of  animal  fat  and, to  some  extent. 
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of  protein  is  an  important  etiological  factor. 

We  also  have  come  to  a  consideration  that,  as  rickets 

is  most  constantly   -manifested  by  changes  in  the  bones,  the  root 

of  the  disorder  is  probably  somewhere  in  the  faulty  metabolism 

of  calcium.   ^lthoup:h  calcium  in  the  form  of  phosphate  is  essential 

to  the  nutrition  of  the  tissue^  the  lack  cf  it  in  the  food  does 

not  necessarily  induce  the  development  of  rickets,  as  has  been 

20 
shown  experimentally.   Likewise,  the  abundance  of  calcium  supply 

does  not  alv/ays  immunize  or  insure  a  protection  against  its  de- 
velopment.  In  other  wor-'s,  the  proper  metabolism  of  calcium 
salts  does  not  lie  in  the  quantity  of  the  salt  ingested,  for  it 
has  been  found  clinically  that  rickety  manifestations  disappeared 
spontaneously  in  diet  whether  deficient  or  abundant  in  its  calcium 
content.   However,  that  the  proper  utilization  of  the  calcium 
broup-ht  to  the  osteogenic  cells  may  be  influenced  by  other  factors 
or  const  it'll  ents  in  the  food,  is  commonly  adjnitted  by  modern  exceri- 
mentalists.   The  truth  of  this  stater.^ent  may  be  supported  by  the 
justified  therapeutic  administration  and  the  beneficial  effect 
of  cod  liver  oil,  fliilk  and  its  by-products,  animal  fat,  etc, 
and  not  calcium  alone.   Now  the  question  arises:  What  specific 
substance  or  substances  in  the  cod  liver  oil  prevent,  arrest, and 
cure  rickets? 

Numerous  experiments  have  been  made  and  are  still 
being  conducted  a^-ong  this  line  of  work.   ^IThile  there  can  be  no 
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donbt   that    the   starch,    protein,    fat,    and  mineral   salts    in   the 

diet   are    essential   for   physiological    existence,    still    it    cannot 

be   denied  that  there   are   accessory  factors    in   the   food  which  are 

equally    essential   to   nutrition,   physiological  stability,   and  per- 

64 
haps   gro.'/th.      Osborn^and  Mendel    ,    in  their   experiments    en 

"Protein-fres"  milk,    found   that  grov/th  could  be  maintained  for 

a   time,   the   cessation   of  which   could  be  prevented  by   the   addition 

65 
of  butter.      in  a   later  publication,    they      sho./ed  that    this 

"essential"accessory   i^rovrth- promo  ting  material   exists    in  butter-fat^ 

egg  yolk'fat,    and   other   substances.      Our   knov/ledj:^e   of   these 

grov/th-promotins-   substances   has   beai    rather  meagre  until 

66 
McOollum  and  Davis      in   their   series   of   animal   experiments,    identi- 
fied the   unknown,    accessory,    essential   dietary   factor  by   saying: 

"The  experiments  already  described  force  us  to 
accet^t  fhe  conclusion  that  there  are  neces^sary 
for  normal  nutrition  during  growth  tv/o  classes 
of  unknown  accessory  substances,  one  soluble 
in  fats  and  accompanying  these  in  the  process  of 
isolation  of  fats  from  cert a in  f ood^stuf f s ,and 
the  oth e r  soluble  in  v/ater,  but  apparently  not 
fats,"""~ 

67 

In   a   later   publication,    they       confirmed  these   views,    '.vhich  gave 

68 

birth  to    the   terms    "fat-soluble  A"   and    "water-soluble   B" 

Without   going   into   a  long  discussion  of  the   so-called  vitamiaes, 

there  are,   up    to   the  present,  found  three   food  accessory  esaefitials 

viz: 

"1.    Anlii-neuritic   or   anti-berioberi  factor,    identi- 
fied  with  Water-Soluble   3  factor  of   the 
American   investigators." 
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2.  "Fat-soluble   A   growth  factoror   anti-rachit ic 

3.  Anti-3cor"outic   factor." 

And  the  report  of  the  Committee  continues: 

"As  far  as  is  known  the  accessory  food  factors 
cannot  be  produced  by  the  anima.l  organism,  and 
all  animals  are  dependent  for  their  supply 
dii-ectly  or  indirectly  upon  the  plant  kingdom." 

Obviously,  we  are  here  solely  concerned  with  the 
fat-soluble  A  factor.  But  the  question  is:  Is  it  or  is  it 
not  the  anti-rachitic  factor  ? 

The  fat-soluble  A  is  a  food  accessory  essential  concerned 

with  the  grovrth  and  insl  ntenance  of  normal  existence.   Its  true 

chemical  nature  is  yet  unknown.   According  to  McCollum,Sim'nond3 

70 
and  Pita,  it  is  found  in  the  butter-fat , egg- yolk, raai^e-kernel, 

wheat  embryo,  oat-kernel,  leavey,  etc. from  which  sources,  the  nurs- 
ing mother  may  derive  enough  supplies  i:d\fjr   her  milk  since  she 

71 
cannot  systhesize  iis. 

The  essential  accessory  factor  (fat-soluble  A)  is  so 
important  as  a  food  constituent  that  its  absence  has  'oeen   reg^^rded 
as  the  cause  of  some  pathological  condition  in  experimental  ani- 
mals.  Thus ,xeroophthalmia  has  been  found  associated  with  the 

36  18 

la^k  of  this  supply.   May  '-lellanby   succeeded  in  demonstrating 

the  various  grades  of  dental  development  among  her  experimental 
grov/ing  puppies  by  subjecting  them  to  a  diet  with  different  amounts 
of  this  unknown  factor.   She  entertains  the  vie.v,  by  the  lack 
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of  this  accessory  essential  in  the  "olood,  the  amelobla.sts  ard 

weakened  in  their  re^xilating  functiori  to  deposit  the  calcium  salts 

although  in  abuadance   in  the  developing  t -eth.   She  found  that 

the  deereass   in  the  ena;ael  content  of  the  teeth  was  mere  or  less 

in  relation  v/ith  the  lack  of  fat- soluble  vitaniine  and  that  the 

dental  norbid  process  was  worse  in  the  more  rapidly  gro'.ving 

animal.   She.  also  correlates  these  findinp;s  in  the  experimental 

animals  with  the  dartous-  condition  of  the  teeth  not  uncommonly 

associatpd  with  the  development  of  rickets  in  the  growing  infant. 

And  then  in  her  conclusion,  she  says: 

"This  work  taken  in  conjunction  with  the  experiments 
of  E.Mellanby  on  rickets,  puts  the  close  relationship 
between  hypoplastic  teeth  and  rickets  on  to  an  experi- 
mental oasis." 

The  results  of  Edv/ard  Mellanby's  investigations  as  pub- 
lished in  the  Special  Report  No. 38  of  the  Nedical  Research  Com- 

37 
ijiittee   semm  to  indicate  that  the  fat-soluble  A  is  identical  with 

19 
the  anti-rachitic  factor.   Ke  conducted  the  experiments  on  200 

puppies,  subjecuin,?  them   to  different  diets  knov/n  to  produce 
rickets  and  subsequently  adding  to  the  standard  diets  ot:-^er  sub- 
stance to  determine  the  effect  of  these  in  thw  development  of 
the  disease.   Without  going  into  detail  in  the  description  of 
his  experiments,  the  substances  that  he  found  to  prevent  rickets 
may  be  grouped  into  two  categories:  (1)  that  of  extractives , and 
(2)  that  of  fats.   Ue  observed  that  the  animal  fats  were  more 
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effective    in  preventint-"  the   disease   than  the  vegetable   fats.    He 

drav/s   the    relation  between   the  fat-soluble  A  and   the  anti-rachitic 

factor  by  saying   : 

"It    is  known,    for    instance,    that   animal  fats   are 
a  good   source  of    the   fat-soluble  A  factor   and 
that   vegetable   fats    are   deficient.      Similarly, 
the   anti-rachitic    factor    is  more   abundant    in   the 
animal   fats   than   in  the  vegetable   fats." 

And  then  he  continues: 

"....rickets    is  a   disease   ac company inf?    srrowth  and 
it   appears  that   the  more  rapid  the    animal  grov/s , 
the    more   anti-rachitic   factor    is   necessary  to 
keep   the  growth  nor-nal.      Since , however  ,    it    is 
recognized  that  both  fat-soluble  A  and  water- so lubleB 
are  necessary  for   growth  per  se,    in   so   far  at    least 
as  rat-feeding  experiments  are    concerned,    it  might, 
at   first   sight,    seem  strange   that   a  disease   of 
growth  should  have    its    explanation    in  a   deficiency 
of  a  growth  accessory  factor." 

And,    in  his    conclusion,    he   states: 

"The   anti-rachitic   factor   has,    in  many  respects,    a 
similBX   distribution   to    the   fat-soluble   A  factor 
and   is  possibly   identical   with  this    substance." 

This   last   view,    hovrever  ,   does  not   seem  to   agree   with  the 

observations   of    clinicians   and  other   experimentalists.      It    can 

as  S 

hardly  be   accepted  feasible    in  the    sense   that   Hess   and  Unp^er 

observed   infants   de"elot)ing  rickets   when  fed  on   a    diet   rich    in 

8 
fat-soluble  vitamine;    on  the   other   hand,    they  observed   infants 

not  manifesting  any  rachitic    sign  while   on   a  diet   devoid   of   this 

factor   for   -lany  months.      Moreover,    the   infants,    according   to   them, 

could  r.iaintain   their   health  and  vigo-ir   despite   of   the  rainimu.m 


112 


araount   of   the   fat- soluble   A  factor    ingested. 

36 
Similarly,   McGolltim,    Shipley  , Park,  rjid   co-v/crkers 

carried  out    extensive   experiEents   on   2,000   rats   with  a  view- 
to   find  out    the   nature   cf   the    specific:     causative   factor   of   the 
disease.      The  problem  was   attacked  from  tv/o    angles:    (l)    the 
development   of    rickets    in   animals   fed  on   certain  ration,    and 
(2)    the    improvement   of   the   lesions   after   cod   liver   oil   adminis- 
tration.?^ithout    going    into    detailed  account   of   their   experirjen.ts , 
the    gross    lesions   of   rickets   could   be    induced  by   diets    containing 
varyinp   proportions    of    calcium,    fat-soluble  a/ butter-fatY  and 
other   dietaries.?,nd were   found  to   have   no   direct   relation   to 
th^    quantity   of   fat-soluble   vitamine   present.      In  other^  words, 
an  abundant    supply  of    fat-soluble    accessory   in   the   diet^did   not 
prevent   the  development   of   the   gross  rickety   lesion's,     on   the   other 
mnd,   by  iising  the   same   type   cf    diet, but    supplemented  with  a 
certain  amount   of    cod  li-oer   oil,    rickety    changes   could  not   only 
be   prevented  but   also  became    improved,    by  the   denositich   of   a  fine 
line   of   calcium  phosphate    in   the    cartilage.  The    probability, 
therefore,    is   that   the  co&  liver   oil  furnished   the  anti-rachitic 
factor  v/ithout   which  ric^-':ets   developed   even   if   the   diet   had   con- 
tained abundant   fat-soluble  A   essential.      In   other  words,    the 
anti-rachitic    factor  may  b^   presximed   to   be   distinct   from,  the 
fat-soluble    accessory. 

There  rem.ains,    ho'-ever,    a   question   to   be   settled. 
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In  the  event  that  xerophthalnia  and  decayed  teeth  are  produced 
with  lesions  of  rickets,  the  administration  of  an  anti-rachitic 
factor  may  be  conceived  or  expected  to  improve  the  rickety  state 
alone  v/ithout  altering  the  eye  an^i  teeth  lesion.  On   the  other 
hand,  if  a  diet  is  so  constituted  so  as  to  imrj-^ove  xerophthalmia 
a.nd  dental  hypoplasia  without  affecting  the  rachitic  manifesta- 
tions, then  such  a  diet  may  be  presumed  to  be  devoid  of  an  anti- 
rachitic factor.   Furthermore,  if  the  anti-rachitic  factor 
alone  can  not  be  made  to  cause  a  defective  dentition,  then  we  may 
assugie  that  vre   are  c'ealina  with  e    specific  factor  'nainly  for  the 
nutrition  of  the  osteoi-^enic  ard  other  tissues  concerned  in  rickets. 
Fuch  is  therefore  expected  in  this  line  of  study. 

The  beneficial  effect  of  the  cod  liver  oil  on  the  o  -si- 

ficption  of  the  bones  which  have  oeen  previously  rendered  cal- 

36 
cium-free,  was  shown  by  them   to  be  comparable  tc  the  p?"ocess 

of  repaia^f  the  human  rachitic  bone  in  the  period  of  convalescence 
Their  experiments  were  checked  by  control  &nimals,  and  the  bones 
of  both  groTips  were  subseq^rently  examined  under  the  microscope. 
They  ^ound  that  the  addition  o''  cod  liver  oil  to  the  food  of 
the  rachitic  animals  was  followed  by  the  deposition  cf  calcium 
siiits  between  the  cells  of  the  prolif erat iirg  zone.   It  seems  pos- 
sible, therefore,  that  the  cod  liver  oil  besi'^es  lessening  the 
harmful  effects  cf  too  much^lime,  m.ay  increase  the  capacity 
of  the  osteogenic  tissue  to  abscb  or  fix  the  calcium  salts 
brought  to  them.   This  calcium-depositing  potentiality  of  the 
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cor\   liver   o^il   could   also    be  manifested   even    if   the   lime    intake 
was   far   below  nornal,    and   it    is      a   question  where  the  animal 
under   such   circumstances,    derived   its   calcium  supply  for   the 
building   of   osseous    str-.Tcture  under   the    influence   of   the  oil. 

From  the   aboA'e   considerations,    we  may    deduce    that   there 
may  be   another  unidentified, food-accessory   essential,    or   an  un- 
known X  associated  with  the   cod   liver   oil,    which    is   probably 

different   from  the  fat-scluble  A    ,    although,    in   the   opinion  of 

72 
"cCollum    ,    it  may  likewise   be   found    in  butter-fat,    egg-ytl]^ 

glandular   organs,    degerminated   seeds,    leavi^-   of   plants,    animal 
fat,   but    not    in  vegetable   oil.      It    is   possible   that   the   absence 
or   deficiency  of   the  hypothetical  agent    in  the   food  ^.ay  presuma- 
bly  decrease   the   capacity  or  v/eaken  the  function  of   the  bone- 
fcrning      tissues    to   utilize   the   calcium  .-alts.      This   view, may 
not   be   held  untenable,    since    the   anti-rachitic    factor    in  the    cod 
liver   oil    is    assumed  to   be    concerned  v/ith  the   increased  deposi- 
tion of   the    calcium  salts    in  the  active   or   grov/ing  portions    of 
the   bones.      In  other   words,    the  persistent    consumption   cf   a  de- 
ficient   quantity  of   the    sources   of    the  undetermined  factor   or 
the   habitual    intake   of   an   excess  o''   foodost«^^s    containing  less 
of    it,  mpy   opsrate    in    diminishing  the   nutritional   state   of   the 
growing  cells,    and    in   conjunction  with  other   yet  unknov/n  meclxanism 
may  pervert   grov/th  and  lead  to   the  development   of   rickets. 
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2.  "0 . Present  State  of  t he  Problem . 

On  the  whole,  despite  t>'e  large  Bjnount  cf  work  done, 
our  knowledge  concerning  the  disease  is  still  deficient.   Many 
problems  on  the  pathology  of  rickets,  as  have  oeen   a.bove  in- 
dicated, are  still  untouched  or  at  least  unsolved.   In  this 

73 
connection,  the  statement  of  Hoel  Paton  and  Findlay   is  note- 
worthy, nr-nely: 

Further  research  on  the  chemical  and  histological 
changes  of  the  va,ricus  tissues,  e.g.,  the  muscles 
and  of  the  metabolism  of  calcium  is  required." 

It  should  be  he^^e  emphasized  that  thdthorough  knowledge  on  the 

calciujn  me-^abolism  and  the  role  played  by  the  or.-^ans  of  internal 

secretion  in  normal  and  diseased  processes  of  nutrition  and  grovrth, 

will  not  be  undoubtedly  of  unesteemable  value  in  the  elucidation 

of  the  pathogenesis  of  the  disease. 

The  etiology  of  the  disorder  is,  likewise  obscure. 

The  predisposing  factors,  as  above  described,  ms.y  each  have  a 

share  to  prepare  the  field  in  the  delicate, growing  human  body, 

for  the  specif ic'  agent  or  condition  to  operate.  The  real  cause 

is  not  yet  def  initely  known.   The  sugp:esticn  of  McOcllum, Shipley , 

36 
Park, and  others   that  the  lack  of  an  unidentified  food  ac':essory 

(the  un'-novm  X)  in  the  cod  liver  oil,  essential  for  nutrition  cf 

the  RTOfrint'-   cells  and  distinct  from  fat-soluble  A,  is  pert^    if 

not  mainly   the  cause  of  the  disease,  seems  to  be  plausible  and 

supported  by  experimental  evidences -However ,  the"irritation  theory", 
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7  1 

proposer!  by  Cheadle  Barlow  and  Bury, and  others,  ——the  irritant 

being  derived  from  the  altered  condition  of  the  unbalanced  food  in 

the  blood.-^  ^   by  which  the  proliferative  ch-anges  cf  the  blood 

vessels  and  the  increased  ajuount  of  cartilage  cells  in  the  growing 

portion  of  the  bones  may  be  explained,  cannot  be  entirely  ruled 

out.   On  the  other  hand,  it  may  ce  made  to  support  the  former 

view. 

The  part  played  by  the  unknown  X   in  modifying  the   rachitic 
lesions    is   therefore   an    interestinj:?   subject   for   speculation    .It    is 
conceivable   that   the   ant i-rac^itic    facto-    is    concerned  with  the 
functional   activity   of   the   growing   cells;   but  whether  or   not    it 
exerts    its    action   directly  upon   the   cells   or    indirectly  upon 
other  m«=tabolir   p^od-'icts  harmful   to   the    cells,       is,    as   far   as    I  am 
awarei,    not    yet  determined. "•Thile    it    is  possible    that   the  unknovm  X 
per   se  may  be   nutritive    to   the  growing   cells,    still    it    cannot   be 
regarded  aB    impossible    that,    by  taking  part    in   the  proper   metabolism 
of   the   other   food  constituents,    the   subsequent    formation   of   sub- 
stance  or    substances    in   the   blood   detrimental   to    the  growing 
tissaes,    may  be  prevented. 

Aside   from  this  hypothetical  preventive   action,    may  we   not 
be  also    justified    in  assuming  that   the  unknown  X   exerts    an    inhibit- 
ory  influence   or   a  neotralizing   effect   on  any  metabolic   p"'^oduct, 
ha,rmful   to    the   osteoplastic    tissue?     And,    if   assi.iming  that   such 
altered  metabolic    irritating   substances   are   formed   in   the  ab- 
sence  or    deficiency  of   the  unkno\7n   factor  X  and   that  by   their 
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action  on  the  growing  portion  of  the  bones  ,  deficient  ossification 

results,  would  it  be  erroneous  to  suppose  that  the  unknovm  food 

accessory  factor  supplies  the  energy  to  the  cells  so  that  an  impet'^s 

is  alv/ays  brought  about  for  the  completion  of  the  building  of 

perjnanent  structures  ?  The  acceptance  cf  the  letter  hypothesis 

does  not, however,  seem  to  be  antagonistic  to  the  view  expres;jed  by 

36 
McCollum, Shipley, Park, and  their  co-workers   that  the  cod  liver 

oil  regula.tes  the  deposition  of  the  calcium  salts  by  modifying  the 
capacity  of  the  osteogenic  cells  to  fix  the  salts  brought  to  them. 
In  other  words,  the  lack  in  thr  food  of  the  accesBory  dietary  es- 
sential (the  unkjaown  X),  such  as  abundantly  found  in  cod  liver  oil, 
would  obviously  inhibit  the  functional  activity  of  the  osteogenic 
cells  to  utilize  the  calcium  properly  to  ossify  the  cartilagenous 
structures  .v/hich  are  found  to  be  apparently  proliferating  through 
the  stimulating  effect  of  the  abno-'-mally  metabolized  products. 
Whether  or  not  such  or  similar  hypothetical  explsna.tion  may  be  ap- 
plied to  the  changes  in  the  soft  tissues  not  infrequently  in- 
volved in  the  disease-process,  is  still  a   question  for  further 
study. 

There  is  one  more  point  before  closing. V%ile  Shipley, 

36 
Park,  "TeOollum  and  their  co-workers   demonstrated  convincingly 

the  deposition  of  calcium  following  the  administration  cf  the  cod 

liver  oil   at  the  epiphysis  of  the  rat  bones  comparable  to  the 

process  of  repair  of  the  human  during  convalescence,  still  as  far  as 
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I   can  make    it   out,    the    osteogenesis  beneath  the  periosteum  has  not 
been  aieiitiorVed.      ^'ay  we   not   be    justified   also    in  assuming  that   the 
unkno'.vn  X  nourishes  or   ?ctiv?tes   the  periosteal   osteoblasts   as   well 
as   the    cells    in   the    "/rrov/inpr  zone"?      if   so,    is   the  result in^^-  calci- 
ficstion   comparable  to    the    "eburnation"      of  the  human  rachitic 
bone  during   its  period  of  re-construct icn?In  other   //ords,   were   the 
bones   of   the  e  xperimental   rats   stronger   than  those   of   the  normal 
after  recovery  from  the  disease   ? 

If   the  unknovm  X   starts   the    lime   fixation  after  the 
bones  have  'oe  en  previously   rendered  calcium-free   by   diet, we    //ould 
expect   that   the   absorption   continues   as   long  as   the   factor    is 
given.      But,    is    it    impossible   to   demonstrate  whether  or  not   this 
impetus   may  be    arrested  by   stopting  the  oil   adjninistration  ?      In 
other  v/ords,    by  withdraviring  the  therapeutic   agent    little  Ipy   little, 
v/ill   the   experimental   animals    show,    as   far   as   calcif ic3.tion   is 
concerned,    changes   pointing  to   a   reversfe^      process   ?   Do    we  have 
evidences   at  hand   to   minimize   the  possibility  of   other   factors   or 
conditions   that  may  continue   the   process   of   ossification,    once 
started,    even    if    the  unkno.vn   essential    is    then  withdrawn?   is   there 
such   a  thing  as    imjnunity  or   tolerance    in  rickets   ?  And    in   addition 
to   this,    will  the    serum  of  a   rickety   individual,    after  having   oeen 
adjninistered  sub-cutaneously ,    to    susceptible   animals    (as   rats) 
cause,    predispose,    or  prevent   the   development   of   rickets   vihen  the 
diet    destitute   of   the   unknown  X   is   given? 

The  foregoing  "addenda"  are, in  my  opinion^ other  fields 
of  action  in  the  way  of  animal  experimentation,  if  the  latter  is 
hoped  to   point   to   a  nearer   solution  of   the  problem  at    issue. 
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IV.  SuniTaary  and  Conclusions. 

1.  Pici^ets  is  a  chronic  constitutional  disease  of  early 
childhooi"'  caused  by  a  deficiency  of  nutrition,  and  ^ue.nifested 
by  abnormal  changes  in  the  muscles,  ligaments,  mucous  membrane, 
visceral  organs;  in -eed,  of  almost  all  structures  of  the  body; 
but  particularly  of  the  bones  which,  subsequent  to  their  faulty 
ossification,  undergo  improper  development  (as  for  instsjice,  of 
their  grov.'ing  portions),  aiid  later  on.A'"arious  -^ef o-^m.ities  v/ith 
or  without  simple  fractures  at  their  srafts. 

2.  There  are  evidences  to  show  that  the  disease  existed 
in  ancient  times,  and  increased  in  frequency  hand  in  ?iand  with 
the  pr'-ogress  of  civilization.   It  v/as  not  ho,7ever  until  aoout  the 
middle  of  the  seventeenth  century,  7/hen  Glisson  first  recognized 
it  and  classified  it,  in  his  famous  treatise  "De  Rachitide"  pub- 
lished in  London  in  1650,  as  a  distinct  clinicol  entity.   He  proposed 
the  name  "Rachitis"  in  preference  to  Rickets,  which  latter  term, 
derived  from  the  old  English  word  "Wrikken"  meaning'  "to  tvist", 

was  then  in  popular  use  for  the  malady.   The  traditional  name, 
"Morbus  Anglicus"  or  "English  Disease"  v/hich  is  somtimes  used  as 
a  synonym  of  rickets,  was  r^iven  by  the  older  vn^iters  that  followed 
Glisscn  because,  at  that  time,  the  disease  was  remarkably  preval- 
ent in  England.   Numerous  investigators  were  aroused  with  inter- 
est in  the  study  of  the  Disease,  especially  in  its  eticloy-ical 
aspect,  but  although  several  theories  have  been  proposed,  yet 
practically  nothing  definite  v;as  advanced  until  more  recently, 
when  in  the  studies  of  the  vitamines,  the"food  deficiency  theory" 
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has  been   unfolding  gradually  the   hidden  mystery   of   its   causation 
and  pathogenesis. 

3.  The   diagnosis    of   rickets   cannot,  safely  be  ma.de   without 

a  thorough  and  combine  d  knowledge   Hiua  of    its    symptoms  and  physical 
»6ione8    in   the   living,    and   its  pathological  picture   at   the  post- 
mortem table  and  under   the  mieuo scope. 

4.  The   disease   develops    insii^iously  and   taVes  a   chronic 
course.      So^ne   of  the    early   constitutional   symptomrs   are    : 

hyper irritability ,    restlessness,    ill   temper,    inability   to    sleep, 
p-eneral  pallor,    muscular   flabbiness      ov   disinclination   to   support 
himself   and  nocturnal  perspiration     especially    in   the    region 
of    t'-e   head  and   neck. 

5.  The   physical   signs   may  be   sumjnarized  as   follows: 

(1)  the  head   looks    square--hence ,    flaput    quadratura"   — d'le    to    the 
presence   o-^   abnormal  prominences  over  the  parietal  and  frontal 
recions  ;    the   h'^-ad   therefore,    appears   larger   than  normal.      The  'Tiar^'ii 
are   thickened,    and  the    sutures  and  fontanelles   widely  patent. 

There  me.y   be    thinned  or  parchment-like   areas    (craniotabes)    over 
the  parietal  and  occipital   regions   which  yield   on  pressure,      den- 
tition  is   usually  d  elayed;    and    if   the  teeth  hav"    already  appeared, 
they  are   subject    lo   decay. 

(2)  the   chest  presents    deformities   and   contractions   to   assume    the 
so-cslled    "pit?-eon-/or   violin-shape"alluded   to  by  many  as   character- 
istic   of   th ^  disease.      The"rachitic    rosary"    in   the   costo-chondral 
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junction  of  Jthe  ribs,    which  may  be  more   pronounced    in   the  lower 
ones,   has  been  found  almost    invariably    to   be  associated    vith  the 
disease.      Beadin-'S  ms.y  also    be  found  alon^^the   posterior   axillary 
line   of   each   side.      In  front   of   the   rowi-fcf   the  anterior  rosary 
beads,    there    is  usually   a   groove  placed  obliquely  on   the    chest  wall. 
Similar   depression  may   be   seen  transversely  across   the  lower  por- 
tion of   the   chest   fron  the  xyphoid  process   to   the  posterior   E.xil- 
Icsry   line   on   each   side   at   about   the    level  of   the   diaphragm;    — this 
is   th-^  so-called    "Hsrrison's   groove". 

(5)      The   aodomen  bulges,    due   to   the    Ip.xiti'   of    its   anterior   wall, 
to    the   increased  abdominel  pressure,    and  probably  to   the    deforniity 
(shortenin,'^)    of   the   Rpine.The    increase   of   the    intra-abdominal  press- 
ure raay  be    either   due   to    the   distension   of  the   bowels   or   to    the 
displacement   of   other  visceral  orfjans   which  may  have   been  pushed 
downward  oj  tiie    contraction  cf  the    chest   and  possibly  of   the   dia- 
phragm,   or  both.      There   may  be   either    diarrhoea   or    constipation 
subsequent   to    either   disttirbsnce   of   digestion  or    lack  of   tonus 
of   the   p-f stro-intestinal  wall  respectively. The  pelvis  may  be    so 
contracted  and   deformed  that   child-bearing  may  become  a  problem 
for  the  fem^^le  victim  when   she  reaches   the   conjugal   age. 
(4).      The    extremities   present    abnorroal    cu-vatures   and    enlarge- 
ments  over   the  region  betv/een   t?ie   epiphysis   and  the  diaphyais 
of   the   long  bones.      Such   enlarge -ents    are  usually  mere   noticeable 
about   the  region   of   the    ankle      and  wrist   joints. 
(5).      Whether   or   not   the  rickety   infant    is   emaciated  or  fat, is   of 
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little  diagnostic  value;  and,  whether  or  not  he  is  superior  in 

intellect  than  the  average  norr.ial  baby,  is  not  clinically  proven. 

(6)   The  imiscjes  and  lif^arnents  are  flebby  anrl  lax,  and  the  child 

too 
is  apparently  week  to  sit  up  or  walk. 

6.  Due  to  the  liaoility  of  a  rickety  infant  to  catarrhal 
diseases  of  the  raucous  membrane,  and  perhaps  due  to  tie  mechanical 
pressure  exerted  by  the  contrafited  chest,  there  may  be  symptoms 

of  bronchitis,  broncho-pneumonia,  collapse  of  the  lungs,  and  other 
pulmonary  affections.   Associated  with  rickets,  such  nervous  :nan- 
ifestations,  besires  hyperirr itability  and  restlessness,  as  laryn- 
p;ismus   stridulus,  spasm.s  of  the  glottis,  tetany,  or  general  con- 
vulsion, may  also  be  found. 

7.  V/hether  cr  not  anaemia  is  not  invariable  in  rickets,  is 
still  a  controversial  question. The  evidences  on  both  sides  are  so 
ba,lanced  that  no  definite  conclusions  can  be  drawn.   The  blood 
picture  in  rickets,  therefore,  ret^ires  further  investigation 

8.   The  bone  lesions  are  the  most  constant  and  characteristic 
features  of  the  disease.   The  gross  changes  consist  of  :  deformit- 
ies and  abnormal  curvatures  of  tl-ie  bones. 

(1)  The "cranial  bosses"  ahd  the  thickenings  of  the  skull  bones 
have  be  f:n  regarded  as  mainly  due  to  vasc^^lcr  hyperplasia,  while  the 
craniotabet ic  patches  as  examples  of  atrophic  changes.  The  teeth 
lack  the  enamel  coating  or  the  resistant  material,  so  that  they 
become  remarkably  brittle  . 
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(2)   The  bon^E  of  the  face  and  of  the  spin'  1  column  also  suffer 

certain  deferriiti  es.   E"Jie  to  the  deformities  of  the  pelvic  bones, 
the  pelvic  outlet  may  become  so  contracted,  that  a  history  of 
rickets  in  a  female  individual  may  be  of  considerable  importance 
from  an  obs^rical  vie //point. 

(5)   The  abnormal  bending  of  the  long  bones  of  both  the  chest 
(ribs)  and  of  the  extremities  have  been  referred  to  as  more  or 
less  associated  with  the  disease.   There  may  laaaixax  occasionally  be 
simple   "greenstick"  fracture  in  the  radius,  ulna,  ribs,  humerus, 
femur,  fibula,  or  clavicle. 

9.   Thevascular  hyperplasia  of  the  germinal  layer  of  the  perios- 
teum has  been  regarded  as  being  responsible  partly  for  the  imper- 
fect ossification  of  the  shaft  of  the  bones. Thus,  the  proportion  of 
the  inorJ^anic  (calcium  especially)  to  the  or-:anic  contents  of  the 
rachitic  bone  is  much  lower  than  that  of  the  normal.   But,  while 
there  Tos.y   be  a  state  of  deficient  calcification  during  the  rachitic 

process,  yet  an  "eburnation"  ^nay  be  ooserved  during  the  period  of  re- 

22 
construction  of  the  bone;   so  that,  after  recovery,  the  rachitic 

bones  :-imy  become  firmer,  more  compact,  and  stronger  timn  normal, 

although  the  microscopical  elements  oS   normal  bone  may  be  found  to 

exist  therein. 

10.      The    enlargement   of  _the   "^growjL^  bet;7een   the    epiphysis 

and  the  diaphysis  of  the  Ion??  bones  is  the  most  characteristic  lesion 
in  ric>ets.  In  the  norm^.l,  it  is  seen  as  a  narrow,  straight,  glisten 
ing  bluish-¥hite   line   sharply   demarcating  the  epiphysis  firom  the 
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disphysis.      Under   the  microscopic    such  normal   epiphyseal   line    ii^.y   oe 
seen    to   co.nsist    of   regular   parallel   rows   of   cartila.ge    cells    along  the 
axis   of   the  bone,    which  later  become   confluent,    enlarged  a.id  form 
the  primary  -tefifi    spaces.      The    cartilagenous  matrix  becompBS   rripidly   ossi- 


fied  so    tha.t   the"osteoid   tissue",    if  present  at   all,    would  be   represent- 
ed under   the  microscope   as    a  narrow,    insignificant    structure.      In  rick- 
ets,   this"grov7ing  zone"    is   markedly   enlarged  or   thickened    (©ccaaicnally 

26 
5   times   the  normal   size)    ,    an-i   appears   as   a  bluish   cartilagenous   mass 

with   tongijie-like    irregi.ilar   processes  projecting   into    the    diaphysis; 
in  other    words,    the   normal    contour  of   the   epiphyseal    line    is  broken. 

Microscopically,    in   this    widened  transitional    "proliferating  zone" 
or    "metaphysis",    there   rae.y  be  ^seen    irregular    islands   of   groups   of 
cartilage    cells,    and   large   amount    of  unossified  bony   trabeculae.      These 
are    the"osteoid  tissues"   the   abundant   formation  of  which   character- 
izes,   in   great  msasiT  e.the  rachitic      process   and   the  presence   of  which 
forms   the   most   significant  basis    in  the   establishment   of   the  diagnosis. 
Besides   the   osteoid  tissue,    there   may  be   seen   enoruious    quantity  of 
connective   tissue   and   apparently  prolif eratin,'?  blood  vessels      which  ap- 
pear   lo   be    traversing  the   zone    in  all   directions  and   at   different   levels, 
thereoby   destroying  the   striated  appearance   of    the  normal    epiphyseal 
line. 

11.      The   abnormal  vascularization   of   the   growing   zone  and   of 
the    inner   jrerminating   layer   of   the   periosteum  together    with  the  apparent 
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hyperplasia   of   the   cellular   eleinents   of   the   osteo    enic      tissue 
suggest   an    inf larnmatory  process. 

12.  The   soft   tissues   also    take  part    in   the   disease 

and  la.xity 
process.      The   flaobiness   of   thejuuscles  and   ligaments   have   already 

been  referred   to.      But,    ■ihethev   or   not    the  muscular    //eaknesa    is 
due    to    an  actual   atrophy   of   the    fibres,    or   to   functional  dis- 
turbance,   or  both,    we   e/re   not   yet   prepared  to    say.    T' e  subject 
is    still   '.vaiting  for   further    evidences. 

13.  The  visceral   organs    sho/v   some  pathological   altera- 
^fcions.      The   lungs  have    oeen   found,    as   above   stated,    diseased, 
probably  as   a   result    of   the    diminished  function  and    subsequently 
the   lessened  resistant    capacity  due   to    the  chest    contraction. 
The   occasional  enlargement   of   the  right   heart    in   rickets,   may, 
as    in  beri-beri,   be  possibly  brought   about  b;;  the  resistance 
offered  by  the   pulmonary   circulation  subsequent   to   the   diminish- 
ed respiratory   field.      The    liver  and   the   spleen  have    oeen   con- 
sidered by   some   to    invariably    i:a,ke  part    in  the   process   of   the 
disease,   but   the    anatomical   lesions    in   both  present    so    .vide   a 
variation  anon^'   the   rachitic   victims   and  /lave   also   oeen  found 

in   other   diseases,    that   a   definite   state'-ient   of   an    invariable 
enlarrement    of   these   orj^ans    in  rickets,    may   be   rather  reserved 
until   further   research   is   made  along   thislline.    The   gastro-intes- 

tinal  tract  presents   no   anatomical   alteration   outside   of    sim- 

24 
ple   atrophy   of   the   muscular   coat    as    determined  by   Jacobi    , 
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The  possible  pathological  lesions  of   the   brain   and   spinal   cord 
need  further    investigation  as   the   literatu^-es   are  very  meagre 
on   the    subjett.      Similarly,    the   pathology  of   the   organs   of 
internal   secretion,    is,    as   far    as   I   kno>.v,    still   a  virgin  field. 
It    is   possible   that    there  may  be  some  distinctive   yet  unknown 
morphological   alsterations    in   such  organs   as    thymus   an'^    adrenals, 
besides   the   supposed    disturbance   of   their   function. 

14.  The    similarity  of    a-nimal  and  human  rickets   has   been 
clearly   established  based  on  the    simi'arity  of   the   etiological 
a;id  pathological   aspects   of  the  disease  as   well  as   the   similarity 
of   thei^^   "eaction  to    therapeutic  agents.      Although  v/e   raay  not    oe 
perjiiitted   to   assume   that "exper imental"and  human  rickets   are   one 
and  the  same   disease,    still     we   nmy  safely   say  that    the^experi- 

mental  rickets"    is   homologous    to   the   human   type   as    "polyneuritis 

i 
gallina:':'um"   to    human  beri-oeri. 

15.  Althouffh  the   disease  has  been  first    recomized   in 
England,   where    it  ,vas,    at   that   time,    prevalent,    subsequent    in- 
vestigations revealed  that    it    existed   in   all   q^iarters   of   the 
globe.      It    is   more   abundantly   distributed   in  the  regions   within 

the    temperate   zone.      It   should  be   recalled  that,    according:  to 

2 
Hirsch  and   Or eight on    : 

"Its  principal    seats   are:    ."ermanv,    England,    Poland, 
Belgium, France   and  Northern   Italy;    while    southern 
provinces   of   Spain   and  still  more, Turkey  and  Greece 
enjoy  a   notable    immunity  from  it." 


dSJ 


127 


In  the  "Jnited  States,  it  is  not  as  abundantly  scattered 
as  in  the  European  countries  ;  it  is  apparently  limited  in  l?-.rge 
cities  as  Hev;  York,  Philadelphia  and  Baltimore.   The  disease  is 
rare  in  North  Greenland,  Faroe  Jsland,  Iceland,  Norway  and  Denmark, 
—  also  less  comtnon  in  Syria,  Arabia,  India,  Java,  Cochin-China, 
Japan,  '"Madagascar  ,Myotte  and  other  Pacific  Islands  ,T^gypt ,  Al- 
geria, Senegambia,  California,  west  coast  of  Mexico, the  West 
Indies,  Guiana,  the-Wcot  -Ind   ■a>enos  Aires  and  Paraguay. 
Climatic  conditions  such  as  regardini--  altitude,  temperature, 
sunlight^  and  humidity  may  influence  its  occu^-rence  in  the  afcove 
regions;  bnt,  '-generally  speaking  th-^  disease  is  rarer  in 

tropical  and  sub-tropical  countries  and  at  higher  altitudes 

1 
"especially  if  the  soil  is  dry"  ;  in  other  words,  the  disease 

becomes  more  severe  in  cold  and  v/et~  climate  and  in  wet  places 

especially  where  the  weather  changes  frequently   such  as  found 

in  those  countries  aoova  ■Jioiiticnnd  where  rickets  has  been 

fcy.nd   prevalent. 

I 

16.      The    disease  has   been  found  more   frequent    in  the 

densely  populated  manufacturing-   cities   of   Pragijie,    London,    Liver- 
pool,   Glasgo Y,    Vienna  and  new  York  City;    in  hospitals,    asylums, 
and   of-^er   allied    inf^int    institutions.   Rickets    seems   to    be  more 
severe    in   coir)   v/inter   than    in  sumrnrner   months. 
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17.  Althou(j:h  the  disease  .may  -imnif  est  itself  clinic- 
ally from  -;hildbirt]i  until  the  age  of  ptioerty,  the  most  dan- 
gerous age  for  children  when  they  are  'nost  predisposed  to  the 
development  of  the  disease,  is  from  sixmonths  to  tvvo  years. 

It  is  questionable  whether  or  not  fetal  rickets  exist  clinic- 
ally.   However,  cases  of  late  rickets  (as  £*sr  as  the  a;Te  of 
puberty)  are  on  record,  b^it  whether  these  are  recrudescence  of 
an  old  existing-  mild  lesion  or  not,  no  one  can  say. 

18.  The  disease  affects  both  male  and  female  child- 
ren equally.   The  prevalence  of  rickets  amdng  the  negroes  and 

Italians  having  the  same  food  as  that  of  other  races,  has  oeen 

26 
regarded  'oy   Holt   as  due  to  racial  peculiarities. Hov/ever,  the 

possibility  o^   other  factors  outside  of  racial  predisposition 

to  explain  its  undue  prevalence  in  these  cases,  cannot  easily 

be  ruled  out. 

19.  Heredity  per  se  as  a  factor  in  the  C3-usation  of  the 
disease  can  hardly  be  regarded  as  oein-T  sound,  since  we  do  not 
have  evidences  to  show  that  rickets  may  be  transmitted  from  the 
parents  to  the  offspring  throui'h  their  primary  genetic  c^lls-- 
spermatosoa  or  ovum,  or  both. But  although  this  hereditary  trans- 
mission ma.y  no-t"  be  held  as  feasible,  the  l^creditary  predisposition, 
as  above  described,  may  become  the  dumpinp;  place  of  some, still 
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unknoiwi   aspects   of   the    disease.      jn  other   words,    individual 
predisposition,    acquired  by   the   infant,   may  'oe  considered  as 
one    of   the    contributory  factors   that  prepare   the  field^in  the 
body  of   the  child.more  productive   or   fertile   for   rickety   developmert. 
The    social  and   economic    status,    as  v/ell  as   the  health, laab  its , 
and    o.ccup-^.tion  of  both  parents,    are   factors   that  have   to   be   con- 
sidered   in   evaluatirg    the    parental  influence    in   thp  i[r  edisposi- 
ticn   of    children  under   their    care^      Hygienic    environmental   con- 
dition  can  not   be    disregard-d  altogether   as   not   having   some    in- 
fluence, in  predisposing  the  delicately   gro\Yin=r  infant    to   the 
disease. 

(a)    Overcro'vding  of      the  population    in  lar;?e    cities  may   be 
contributory   to    the    development   of   an  unhealthy   surrounding  which 
may    indirectly    vreaken   the   vitality   of   the   children. 
(b)>      The^theory  of   domestic  pt.ion"   has  been  applied   to    explain 
the    development    of   rickets    in  animals  put    in   cage,    taken  away 
from  the    enjoyment   of    their   natural  home.      It    is    not    impossible 
that    it  may    likewise  be   applied   to    hum^^n   beings    considering  the 
Tijlnera/oility  of   the  negroes    to    this   disease    in  civilized  countries 
when    they  seem    to   be    exerr^jt    from   it    in      their   v/ild  African  homes. 
3y   confinement,    the    ".hildren  ^.re  prevented  or   lim.ited    in  their 
freedom  to   obtain   the   beneficial   effects   of  physical  exercise, 
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pure   air,    briftht    ainshine,    v/hich  are   obviously  concerned   either 
directly  or    indirectly  v/ith  the  proper  metabolism  and   nutrition 
especially      of  a   growing   inf  p.nt .      The    influence   of    sunlight    in 
the   rtevelopment    of   the   rickety  state   has    'oeen  beautifully  describ- 
ed by  Paiin,and   is,    in  my  opinion,   worth   consider  ing. However , 
in  addition   to   the  above    oontri'outory  factors,    personal   clean- 
liness e^id  and  domestic    sanitation    in   general   shoul'^'    net   be   neg- 
lected as   contributory   to    the  conditions  that   tend   to   increase 

21 
the  liability   of    children    to    the  disease. 

21.      There   are  no    evidences  a,t   hand   to    show  that    the  disease 
is   csuoed  by  an   infection. 

(a)  Althoi^gh  marasmus   may   not   lead  to    the    development   of    rickets, 
Still    it    is   possible   that   acute    infections   diseases  may  predis- 
pose   the    onset    of   the    lesions  or   aggravate   thod^iaoaac      indirectly 
by  weakening   the   constitutional  vitality   of   the    individual. 

(b)  There   are   sufficient    evidences   to    show  that    syphilis   and 
rickets   are   two   different    disesses.      However,    it    is   not  uncom- 
mon  to   find  the  two  conditions   existing   in   the    same    individ- 
ual.     It   has   bean    stated,    that    syphilis   predisposes   the   develop- 
ment  of   rickets,   but    it    is    still  an  unsettled  question  whether 

or  not  the  craniotabes  in  syphilis  is  the  same  as  that  in  rickets. 
Like^/ise  ,  w-ether  or  not  the  enlarged  spleen  in  syphilis  presents 
identical  histo-pathological  picture  as   that    in   some   cases   of 
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rickets,    is    controversial. 

22.  Pickety  lesions  are  presumed  to   be    initiated  by  the    ingestion 
of    "rachitic    f o o d "    in   the   same   category  as.  scurvy  by  the    consumption 
of  "scorbutic    food".    The  rachitic   food   is    assuapd   to   be    one   in 
which  the  anti-rachiti  c  f  sector    is  absent,    obst^acted,    or   considera- 
bly  diminislied. 

23.  Iformal  breast   milk  has   been   found  superior    in   quality  to 
cov/»s   milk  or  any   other  proprietory   infant   food    ;      and,    early 
v;eaning  may  prove   to    be  prejudicial   to    the   proper  metabolism 
and  nutrition  of   the    child. 

24.  Too    early   a  consumption   of   starchy  food  may  upset   the  gastro- 
intestinal  function  of    the   baby,   but    such  a   disorder   does   not 
necessarily  lead   to    the   development   of   rickets.      Sufficient   rea- 
sons  have   bern   given  to  minimize   the    strength  of   the"lactic  acid 
theory , "although  the    "auto-intoxication   theory"    can  not   be   held 
improbable  antil   further    investigation  decides   the  contrary. 

25.  The    insufficient   amount   of    calcium   in   the   food   is   not  a 
factor    in   the  production  of   the   disease,    since   rickets   may   develop 
e-ven    if   the   supply  were   abundant.      Other   reasons   have   been   giv- 
en above    to    invalidate   this   theory  of   calcium  dietary   deficiency. 

7 

26.  It  ma,y  be  possible,  as  Oheadle  pointed  out,  that  the  lack  of 

fat  in  the  diet  leads  to  the  production  of  some  abnormal  metabolic 
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products   which  may   irritate   the    osteogenic    cells   and  neighboring 
olood  vessels      to  proliferate    .      This   tissue  overgrowth  is   appar- 
ently lacking  the  necessary  factor   that c omplet es   the  building 
of  permanent    structure. 

27.  Although,    8.S   has    been  pointed  out,    the   disease    is   character- 
ized by    deficient   ossiCicat  ;'on,    still    it    is   a    question  whether 
there    is     .    elacalcif icpt ion  of   the  fully-formed  bone,    or  whether 
there    is   a   lack  of  absorption  of   the   calcium  salts   from  the    intes- 
tine  into    the  blood,    or  whether   the  calcium  salts   brought   to    the 
ostec-plastic  cells   are  properly  utilized  to   form  normal   bonesi^ 
More   research  works,   therefore,    on  the  metabolism  of    calcitim  are 
urged  to    clear  this    important   point. 

28.  The   animal    experimentations    conducted   by  cur  modern   investi- 
gators,   have   advanced  our  views   as   to   the   specificity   of   the 
causative   a^ent.      It   has  been   suggested  by  ilellanby  that   among 
the  vitemines   which   are   grov/th-promoting  stibstances,    the  fat- 
soluble  A  may  be    identical  with  the  anti-rachitic    factor.      On  the 
other   hand,   McGollum,    Shipley,    Park  and   tlieiT-   co-workers,   prove 
expsrimentally  that    the  fat-soluble  A  has   no   relation  with  the 
development   of   the    disease,    but    that  another  unidentified  food 
accessory   fpctor    (the  unknov/n  X)    in  the   cod   liver   oil , butter-fat , 
egg-yolk,    deger'ninated   seeds,    leaves   of  plants,    animal   fat    (but 
not    in  vegetable   oil),    is   the  anti-rachitic    factor. 
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29.  As  a   vfhoje,    the  problem  of   the  eticlogy  and  pathology  of 
rickets    is  yet  unsolved^side   from  a  thorough  study  on   calcium 
metabolism  as   hati   been  above    indicated,    more   careful   and   extensive 
works    on   the  physiology  and   p-thology  of   the   organs   of    internal 
secretion  and  on   the  chemistry   and  pathology  of   the   soft   tissues 
(such  as  muscles, visceral  organs, etc .) ,    are    indispensable   to 
explain   the  pathogenesis  of/the    disorder. 

30.  The    role   of   the  unknov/n  X    is    still   a  matter   of   conjecture. 
In  this   connection,    I   may  add  thai;;,   while    it   may  be   assumed  that 
it    is   nutritive  to    the   groining  cells,   the   possibility   of    its 
being  a  prevrntive   or   a  neutrali^iing  agent    to    some   subsequent   ab- 
ncrm.al  metabGlic  products    in   the   blood     detrimental   to    the   cells, 
ca,nnot   be   entirely   ruled  out.      On  the   other   liand,    it   may    oe  con- 
cerned with  the  activity  of    the   osteoplastic    tissue    (oe    it    in 
the  periosteum  or    in  the  "grov/in^-  zone"jin   fixing  or    in  utilizing 
th  calcium  salts   brought   to    them  to   form  a  permanent    norras,l  bone 
structure.      In   other   words,    if   the    factor    is    deficient   or   absent, 
there    may   not   only  be   a   state   of   an   abnormal   stira-.lation   of  the 
growlna-  cells,   but   also    a  weakened   condition  of   the   osteoblasts 

to    absorb   and  deposit    calcium  in   the  grov/ing  portions   of   the  bone. 
Whether   this   hypothetical  explanation  applies   to   thp  changes    in 
the   s(ift   tissues    involved   in   tiB     disease,    remains   to   be  worked  out, 
If    it   may  be  applied   to    the    latter   structure,    then   it    is   obvious 
that    the  protracted   consumption  of   a   diet    destitute   or   deficient 
of  unknovm  X,    may   eventually   lead  to   the   onset   of   rachitic   lesions 
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in  the  body  of  an  infant  after  lie  has  been  previou.bly  rendered 
vulnerable  or  pr  edisposed  oy  other  factors  or  conditions  as  aoove 
enumerated. 

As  a  closing  remarlc,  I  may  also  add  that  laboratory 

findini^s  -.'rould  be  of  mo'^e  value  if  the  results  are  to  be  correl- 

Y/ith 
ated  and  corroborated  by  clinical  observations,  or  vice  versa. 

Aside  from  the  problems  I  indicated  above,  under  tl^e  Resent 

Status,  and  in  the "Addenda  "the  subject  Rickets ,  outside  of  its 

etiolOD^ical  and  pathological  aspects,  presents,  from  a  practical 

public  health  standpoint,  ether  side-queries  worthy  cf  serious 

consideration.   I  amneferring  to  that  phase  of  the  relation  of 

the  disease  to  the  health  of  the  general  population,  as  pointed 

37 
out  by  the  Special  Report  of  the  Medical  Research  Gororaittee. 

The  Report,  in  speaking  of  the  after  effects  of  rickets,  outside 

of  the  defective  dentition,  goes  on  saying: 

"Nor  is  this  the  most  serious  part  of  the  evil, 
for  the  reduced  resistance  to  other  diseases  of  the 
rachitic  child  and  animal  is  so  marked  that  the 
causative  factor  of  rickets  raa.y  be  the  secret  of 
immunity  and  non-immunit\'^  to  many  of  the  diseases 
which  result  in  the  high  infantile  death  rate  asso- 
ciated v/ith  urba,n  conditions.   It  is  a  striking 
fact  to  remember  that  in  the  West  of  Ireland,  where 
the  infantile  death  rate  is  only  30  per  1000,  rickets 
is  very  rare,  whereoas  in  poor  urban  districts  of  this 
country,  (England)  where  rickets  is  rife,  the  in- 
fantile death  rate  t-hiar^  is  from  100  to  300  per  1000, 
It  is  at  least  suggested  that  there  me.y  be  some 
relation  between  rickets  and  the  enormous  death 
rate  of  infants  in  towns  even  though  the  disease  in 
itself  does  not  kill." 
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Of  course,  the  above  statistical  figures  do  not  war-ant  definite 
conclusions.   But  this  apparent  relationship  of  rickets  to  infant 
mortality  and  0  possiblw  to  their  reaction  tovvards  other  in- 
fectious diseases,  be  it  positive  or  other.vise,  should  be  investi- 
gated with  more  care  and  correlated  with  experimental  findings; 
and,  by  some  such  subsequent  studies,  with  reliable  data,  the 
writer  feels  confident  that  rickets  as  '.veil  as  other  allied  nu- 
tritional deficiency  diseases,  as  beri-beri-,  scurvy,  etc., 
will  be  expected  in  the  future  to  deserve  more  important  ?nerits 
in  public  health  -sdrainistration  than  they,  at  present,  have. 
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